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St.  Louis  —  The  Gateway  City 


St  Louis  Skyllns 


Union  Station 


When  the  French  fur  trader  Pierre  Laclede 
came  upon  the  swirling  confluence  of  tf 
Missouri  and  Mississippi  Rivers  in  1764,  h, 
instantly  recognized  its  potential  as  a  tradini 
center.  Landing  at  the  first  available  prime 
spot  south  of  the  joining  of  the  two  rivers,  he 
founded  the  village  of  St.  Louis.  In  the  1800s 
St.  Louis  grew,  and  heavy  river  traffic 
between  New  Orleans  and  St.  Paul  made 
the  city  a  major  port.  The  city  became  known 
as  the  "Gateway  West."  It  was  from  here  that 
the  explorers  Lewis  and  Clark  started  out  on 
their  westward  expedition. 

The  Gateway  Arch,  the  630  foot  high  stain¬ 
less  steel  monument  that  dominates  the 
downtown  skyline,  commemorates  the  role 
of  St  Louis  in  the  nation's  surge  westward. 
Beneath  the  Gateway  Arch  is  the  Museum  of 
Westward  Expansion  which  chronicles  19th 
century  St.  Louis  history  with  displays  of  cov¬ 
ered  wagons.  Texas  longhorns,  Indian 
ponies,  and  teepees.  Nearby  is  the  restored 
Old  Courthouse,  site  of  the  famous  Dred 
Scott  decision. 

St.  Louis  today  is  a  bustling  city  of  2.5  mil¬ 
lion  people,  ranking  in  the  top  15  in  popula¬ 
tion  among  U  S,  metro  areas.  It  is  the 
nation's  second  largest  inland  port,  with 
barge  connections  to  29  American  centers 
and,  via  the  Mississippi  and  the  Gulf  of  Mexi¬ 
co,  to  the  rest  of  the  world.  It  is  also  the 
nation's  third  largest  rail  center. 

While  not  geographically  located  at  the 
precise  center  of  the  U  S..  St.  Louis  claims  to 
be  the  population  center  of  the  nation.  The 


Landkig 


city  is  accessible  by  air  from  almost  any¬ 
where  in  the  48  contiguous  United  States  in 
three  hours  or  less.  Nearly  35  percent  of  the 
country's  population  lives  within  a  500  mile 
radius  of  St.  Louis. 

St.  Louis  has  a  rich  musical  tradition  with 
something  for  everyone.  For  those  who  like 
classical  music,  there  is  the  St.  Louis  Sym¬ 
phony,  the  nation’s  second  oldest  symphony 
orchestra.  For  those  who  like  ragtime,  a  visit 
to  the  restored  Scott  Joplin  house  is  a  must. 
In  addition  to  the  second  floor  where  the 
“King  of  Ragtime"  lived  between  1900  and 
1903,  there  are  exhibition  galleries  and  a 
musical  performance  room.  Blues  and  jazz 
buffs  can  hear  their  favorite  music  in  the 
bohemian  Soulard  neighborhood  or  at 
Laclede's  Landing. 

Forest  Park,  a  1300  acre  park  (bigger  than 
New  York's  Central  Park)  in  the  city  proper, 
contains  many  attractions  for  the  visitor.  On 
its  wooded  grounds  is  the  St.  Louis  Art 
Museum  which  was  the  Fine  Arts  Palace 
during  the  1 904  World's  Fair.  Also  in  Forest 
Park  are  the  Muny  Opera  (an  outdoor  musi¬ 
cal  theater)  and  the  Missouri  Historical  Soci¬ 
ety.  One  of  the  city's  major  attractions,  the 
St.  Louis  Zoo,  which  is  famous  for  displaying 
animals  in  their  natural  habitat,  is  also  locat¬ 
ed  in  the  park.  The  park  is  also  home  to  the 
Missouri  Botanical  Garden,  a  79  acre  histori¬ 
cal  landmark  founded  by  Henry  Shaw  in 
1859.  The  Botanical  Garden  offers  the  Cli- 
matron,  the  world’s  first  geodesic  domed 
greenhouse  which  houses  a  tropical  rain  for¬ 
est,  the  country’s  largest  audientic  Japanese 
garden,  and  an  English  woodlarxf  garden. 

The  city  offers  many  other  spots  of  inter¬ 
est.  There  is  The  Cathedral  of  St.  Louis 
which  is  famous  for  its  dazzling  mosaic-cov¬ 
ered  domes,  arches,  wall  panels,  and  ceiF 
ings.  Also  not  to  be  missed  is  Laclede’s 
Landing,  the  site  of  the  original  fur-trading 
settlement.  Cobblestone  streets  and  cast 
iron  street  lamps  surround  dozens  of  centu¬ 
ry-old  buildings  housing  offices,  small  shops 
and  boutiques,  unusual  restaurants,  and  a 
collection  of  nightspots  that  make  this  one  of 
the  city’s  premiere  entertainment  districts.  It 
is  situated  on  the  last  remaining  example  of 
the  street  pattern  laid  out  when  St.  Louis  was 
founded  as  a  French  trading  village  in  1764. 

Union  Station,  now  a  Historicat  Landmark, 
was  built  in  1894  when  the  raHroad  was  king. 
In  recent  years  the  tenninal  fell  into  disrepair 
and  was  nearly  tom  down.  The  old  station 
has  been  renovated  from  top  to  bottom,  and 
the  station  building  is  now  a  hotel.  The  hotel 


has  a  breathtaking  Grand  Hall  (the  former 
station  lobby)  which  features  a  65  foot  vault¬ 
ed  ceiling,  gold  leaf,  stained  glass  windows, 
and  sculptures.  The  Romanesque  limestone 
facade  resembles  a  medieval  castle.  The 
station’s  old  train  shed  now  contains  myriad 
shops  and  restaurants. 

St.  Louis  has  always  been  a  big  sports 
city.  Busch  Stadium,  home  to  baseball’s  St. 
Louis  Cardinals,  contains  the  Sports  Hall  of 
Fame  with  displays  on  baseball,  football, 
basketball,  golf,  soccer,  tennis,  and  hockey. 
For  those  who  prefer  to  watch  ice  hockey, 
there  are  the  St.  Louis  Blues.  The  St.  Louis 
Storm  provides  entertainment  for  indoor  soc¬ 
cer  fans.  For  those  who  would  rather  engage 
in  sports  than  watch  them,  there  are  numer¬ 
ous  parks  in  and  around  the  city  offering 
opportunities  for  boating,  fishing,  hiking, 
swimming,  and  horseback  riding. 

As  the  Gateway  to  the  West  in  the  19th 
century.  St.  Louis  offered  travelers  from  the 
East  their  last  opportunity  for  a  fine  meal  as 
they  prepared  for  the  trek  toward  the  Rocky 
Mountains.  That  tradition  of  great  food  con¬ 
tinues  today.  In  the  many  restaurants 
throughout  the  city,  one  will  find  a  diversity  of 
cuisine  representing  the  rich  and  diverse  cul¬ 
tural  heritage  of  the  area. 

Your  visit  to  St.  Louis  is  one  you  are  not 
likely  to  soon  forget.  It  is  a  unique  blend  of 
old  and  new,  a  city  rich  in  history  and  diversi¬ 
fied  entertainment.  Come  and  enjoy  all  that 
the  “Gateway  City”  has  to  offer  you. 
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Representative  George  E.  Brown,  Jr.,  to  Deliver  The  Electrochemical  Society  Lecture 


The  Honorable  George  E.  Brown,  Jr., 
Democrat  of  the  36th  District  (Riverside,  San 
Bemadino,  and  Coltin),  California,  has  been 
seiected  to  deliver  The  Electrochemical  Soci¬ 
ety  Lecture  at  the  Plenary  Session  of  the 
181st  Meeting  of  the  Society  in  St.  Louis, 
Missouri.  His  lecture  entitled  “Government 
Initiatives  In  Materials  Science,’  will  be  pre¬ 
sented  at  9:00  a.m.  on  Monday,  May  18, 
1992  in  Promenade  Ballroom  C  and  D,  2nd 
level  of  The  Adam's  Mark  Hotel. 

Representative  Brown  has  been  an  ag¬ 
gressive  proponent  of  the  notions  of  open 
and  free  communication  within  the  national 
and  international  science  community,  and  a 
leader  In  our  nation's  efforts  to  broaden  sci¬ 
ence  and  engineering  career  opportunities 
for  women  and  minorities  and  to  Improve  sci¬ 
ence  literacy.  In  addition,  his  strong  support 
for  institutionalizing  long-range  planning  and 
investment  in  science  and  technology  distin¬ 
guishes  Rep.  Brown  as  a  consistently 
creative  and  supportive  leader  In  advancing 
science. 

First  elected  to  the  U.S.  House  of  Repre¬ 
sentatives  in  1962,  he  has  worked  to 
strengthen  America's  scientific  and  techno¬ 
logical  base.  His  participation  In  hearings 
and  'egislation  led  to  the  formation  of  the 


charter  for  the  National  Science  Foundation 
In  1965.  He  also  led  the  efforts  to  create  the 
Office  of  Technology  Assessment  and  the 
Office  of  Science  and  Technology  Policy. 

Long  before  it  became  an  issue.  Rep. 
Brown  recognized  that  the  United  States 
needed  to  aggressively  pursue  alternative 


energy  systems  and  nonpolluting  technolo¬ 
gies.  He  played  an  important  role  in  develop¬ 
ing  a  National  Energy  Policy  in  the  wake  of 
the  oil  embargo  of  1973  and  has  chaired  nu¬ 
merous  hearings  on  solar,  wind-powered, 
geothermal,  and  other  forms  of  alternative 
energy  systems.  Most  recently,  legislation 
authored  by  Rep.  Brown  to  develop  new  hy¬ 
drogen  research  and  developmertt  programs 
at  the  Department  of  Energy  was  signed  into 
law  by  President  Bush. 

Representative  Brown  has  introduced 
dozens  of  pieces  of  legislation  to  protect  valu¬ 
able  natural  ecosystems,  remove  cancer 
causing  pesticides  from  our  food  supplies, 
and  increase  funding  for  federal  environmen¬ 
tal  protection  programs.  He  was  instoimental 
in  achieving  passage  of  the  nation's  first 
Clean  Air  Act  and  helped  to  establish  the  En¬ 
vironmental  Protection  Agency  in  1970. 

A  self-avowed  space  enthusiast.  Rep. 
Brown  has  spent  a  considerable  part  of  his 
congressional  career  promoting  the  civilian 
space  program  and  working  to  prevent  the 
militarization  of  spac».  Previously  a  member 
of  the  Science.  Space  and  Technology 
Committee,  Rep.  Brown  will  serve  as  Chair¬ 
man  of  this  House  Committee  for  the  102nd 
Congress. 


Ernest  B.  Yeager  to  Receive  the  Vittorio  de  Nora  Award 


Ernest  B.  Yeager  has  been  selected  to  re¬ 
ceive  the  Vittorio  de  Nora  Award  for  electro¬ 
chemical  engineering  and  technology.  Ac¬ 
cording  to  the  citation:  The  nomination  of 
Professor  Ernest  B.  Yeager  is  made  in  con¬ 
sideration  of  his  leadership  role  in  advarxiing 
the  field  of  electrochemical  technology  as 
demonstrated  through  the  foundation  and 
growth  of  the  Case  Center  for  Electrochemi¬ 
cal  Sciences.  In  particular,  his  role  in  the  de¬ 
velopment  of  fuel  cell  and  battery  technology 
through  work  in  oxygen  electrochemistry, 
electrocatalysis,  and  carbon  electrochem¬ 
istry  is  cited.'  He  will  be  presented  with  the 
Award  at  the  Vittorio  de  Nm  Award  Banquet 
on  Tuesday,  May  19,  1992  at  7:45  P.M.  in 
the  Rose  Garden,  4th  level  of  The  Adam's 
Mark  Hotel. 

Dr.  Yeager's  award  address  entitled  “Op¬ 
portunities  for  O,  Cathodes  in  Batteries,  Fust 
Celts,  and  Industrial  Electrolytic  Processes' 
will  be  delivered  immediately  follovinng  the 
presentation  of  awanls  at  the  Awards  and 
Recognition  Session  to  be  held  on  Tuesday, 
May  19  at  4:30  P.M.  in  Promenade  Ballroom 
C  and  D,  2nd  level. 

Ernest  Yeager  Is  a  native  of  Orange,  New 
Jersey.  He  received  his  B.A.  (summa  cum 
laude)  from  Montdafr  State  Cdtege  (New 
Jersey)  in  1945  and  his  M.  S.  and  Ph.D.  in 
physi^  chemistry  at  Western  Reeerve  Uni¬ 
versity  in  1946  and  1948,  respectiveiy.  He 
then  joined  the  faculty  and  advanced  to  the 
rank  of  Professor  of  Chemistry  at  what  is 
now  Case  Western  Reserve  University. 


From  1969  to  1972,  he  served  as  Chairman 
of  the  Chemistry  Department  and  in  1972- 
1973  as  Chairman  of  the  University  Faculty 
Senate.  In  t976  he  became  the  Dtredor  of 
the  newly  established  Case  Center  lor  Elec¬ 
trochemical  Sciences.  In  1963  he  was 
appointed  to  the  Frank  Hovotka  Chair  in 
Chemistry  and  in  1991  was  given  emeritus 
statiM. 

Professor  Yeager  is  a  past  President  and 
Honorary  Member  of  The  Elecirochemical 
Society  which  he  iolned  In  1950.  He  Is  also  a 
past  President  and  Honorary  Member  of  the 
intemationaf  Society  of  Ciectrochemistry.  a 


past  Vice-President  and  Fellow  of  the  Acous¬ 
tical  Society  of  America  and  a  Fellow  of  the 
American  Association  for  the  Advancement 
of  Scierx».  His  awards  include  the  Technical 
Award  (1954)  and  the  Distinguished  Service 
Award  (1982)  of  the  Cleveland  Technical  So¬ 
cieties  Council,  the  Biennial  Award  of  the 
Acoustical  Society  of  America  in  1956,  the 
Navy  Certificate  of  Commendation  in  1972, 
the  Acheson  Medal  of  T><e  Electrochemical 
Society  in  1960.  the  Mortey  Medal  of  the 
Cleveland  Section  of  the  American  Chemical 
Society  in  1981,  the  Distinguished  Achieve¬ 
ment  Medal  of  V  estem  Resenre  College  in 
1963,  and  an  honorary  doctorate  from  Mont¬ 
clair  State  College  in  1963. 

Professor  Yeager’s  research  publicabons 
involve  many  areas  of  electrochemistry  in¬ 
cluding  electrochemical  kinetics,  electro¬ 
catalysis,  the  electrochemistry  of  oxides, 
spectroscopic  studies  of  electrochemical  in¬ 
terfaces,  lithium  olectrochemistry,  the  passi¬ 
vation  at  metals,  underpotential  depciMUon, 
the  electrochemistry  of  single-crystal  noble 
metals,  and  the  ralaxalional  properties  Of 
electrolytes  and  colloidal  systems.  In  recent 
years,  his  research  group  has  given  particu¬ 
lar  attention  to  ooiygen  eteclrochemlstry  and 
to  various  electrocatalytic  reactions  including 
the  oxidalfon  of  smal  orgtttics.  He  is  the  ed¬ 
itor  or  co-editor  of  sMsen  books  on  electro- 
chamlstry  and  has  pubKshad  258  papers. 

His  nonsdentlflc  interests  kidude  music, 
particutarly  the  piano. 
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Ken  Nobe  to  Receive  the  Henry  B.  Linford  Award  for  Distinguished  Teaching 


Ken  Nobe,  Professor  of  Chemical  Engi¬ 
neering  at  the  University  of  California,  Berke¬ 
ley,  has  been  sefected  to  be  the  sixth  recipi¬ 
ent  of  the  Henry  B.  Linford  Award  for 
Distinguished  Teaching  of  The  Electrochem¬ 
ical  Society.  The  Award  of  a  silver  medal  and 
a  bronze  replica  and  $1000  will  be  presented 
at  the  Awards  and  Recognition  Session  at 
the  181st  Meeting  of  the  Society  in  St.  Louis, 
Missouri,  Tuesday,  May  19.  The  Linford 
Award  is  present^  biennially  to  recognize 
excellence  in  teaching  in  subject  area  of 
interest  to  the  Society.  Funding  is  derived 
from  an  endowment  by  Samuel  Rubin  honor¬ 
ing  the  late  Henry  B.  Linford,  former  Profes¬ 
sor  of  Chemicai  Engineering  at  Coiumbia 
University. 

Ken  Nobe  was  bom  in  Berkeley,  Califomia. 
After  serving  as  an  infantryman  in  Europe 
during  World  War  II,  he  studied  chemistry 
arxf  chemical  engineerirrg  at  the  University  of 
Califomia,  Berkeley,  receiving  a  B.S.  in 
1951.  From  1951-1952  he  was  a  chemicai 
engineer  at  Air  Reduction  Research  Labora¬ 
tories  in  Murray  Hill,  New  Jersey,  working  on 
the  fabrication  of  copper-catalyzed  polyacety- 
lene  for  testing  of  its  physical  properties. 

At  the  University  of  Califomia,  Los  Ange- 
'es,  where  he  received  his  Ph.D.  in  Decem¬ 
ber  1956,  he  taught  thermodynamics  as  an 
assistant  in  engineering  (1955-1956),  and  in 
January  1957  became  an  Assistant  Profes¬ 
sor.  During  1958-1959  he  took  an  industrial 
leave  of  absence  at  the  Ramo-Wookfridge 
Corp.  (now  TRW)  in  El  Segundo,  Califomia. 
He  was  Chairman  of  the  Chemical,  Nuclear 
and  Thermal  Engineering  Department 


(1978-1983),  and  Founding  Chairman  of  the 
Chemical  Engineering  Department  (1983- 
1984);  he  was  also  Chairman  of  the  Faculty 
of  the  School  of  Engineering  and  Applied 
Science  (1987-1988). 

A  member  of  the  Society  since  1962,  he 
has  senred  the  Society  as  Chaimtan  of  the 
Southern  Califomia-Nevada  Section  (1965- 
1966):  Chairman  of  the  Corrosion  Division 
(1978-1980);  Chairman  of  the  Comosion 
Monograph  ^ries  (1980-1986)  and  a  Corro¬ 
sion  Division  Editor  of  the  Journal  (1967- 
1991).  He  was  also  Division  Editor  of  Elec- 
trochimica  Acta  (1977-1985). 

For  the  past  thirty  years  the  interests  of  his 
research  group  have  been  directed  to  kinetic 


studies  of  uninhibited  and  inhibited  metal 
and  alloy  electrodissolution  arkf,  more  re¬ 
cently,  electrodeposition.  He  collaborated  in 
paired  synthesis  research  with  Manuel  Baiz- 
er  after  ^e  latter’s  retirement  from  Monsanto 
(1978)  until  his  death  in  1988.  Their  last  col¬ 
laboration  was  on  bioelectrochemical-en¬ 
zyme  reactions,  which  was  funded  just  be¬ 
fore  Dr.  Baizeris  death,  and  is  still  ongoing. 
In  recent  years.  Dr.  Nobe  and  his  collabora¬ 
tors  have  focused  on  studies  of  nonlinear 
electrode  kinetic  instabilities  during  high  rate 
electrodissolution  of  metals  and  alloys. 

Since  the  mid-1950s  to  the  early  1980s,  he 
and  his  co-workers  had  also  bem  active  in 
studies  of  the  catalytic  combustion  of  hydro¬ 
carbons  and  carbon  monoxide,  and  catalytic 
reduction  of  nitrogen  oxides  for  pollution  con¬ 
trol  of  automotive  and  stationary  source 
emissions.  In  this  area,  seminal  contributions 
of  his  group  included  demonstrating  the  effi¬ 
cacy  of  rhodium  catalysts  for  application  in 
automotive  catalytic  converters  and  the  de¬ 
velopment  of  the  VjOs-AIjO,  and  ViO/TiO^ 
catalysts  for  the  selecWe  catalytic  reduction 
of  nitrogen  oxides  from  stationary  sources. 

He  has  gained  great  satisfaction  from  his 
collaboration  in  applied  catalysis  and  electro¬ 
chemistry  with  more  than  110  graduate  stu¬ 
dents  and  postgraduate  scholars.  Although 
he  had  developed  and  taught  undergraduate 
and  graduate  courses  in  catalysis,  conosirxi, 
and  electrochemistry,  he  still  derives  his 
greatest  satisfaction  in  teaching  thermody¬ 
namics.  Perhaps  this  can  be  traced  back  to 
that  charismatic  teacher  of  thermodynamics 
and  renaissance  man,  C,  W.  Tobias. 


Stanley  I.  Raider  to  Receive  the  Thomas  D.  Caliinan  Award  of  the  Dielectric  Science 

and  Technology  Division 


Stanley  I.  Raider  has  been  selected  as  the 
recipient  of  the  1992  Thomas  D.  Caliinan 
Award  of  the  Dielectric  Science  and  Tech¬ 
nology  Division  of  The  Electrochemical  Soci¬ 
ety.  The  award  will  be  presented  at  the 
Awards  and  Recognition  Session  on  Tues¬ 
day.  May  19,  1992.  at  4:30  P.M,  in  the 
Promenade  Ballroom  C  and  D.  2nd  level  of 
the  Adam's  Mark  Hotel.  His  award  address. 
‘Carbon  Impurities  at  a  Si-SiO;  Interface,’ 
will  be  given  on  Wednesday.  May  20  at  8:15 
a  m  in  the  Promenade  Ballroom  F,  2nd 
level. 

Dr.  Raider  received  a  B.S.  degree  in 
chemistry  from  Brooklyn  College  In  1955  and 
a  B.Ch.E.  degree  from  Brooklyn  Polytechnic 
Institute  in  1957.  During  employment  by  the 
U  S.  Naval  Powder  Plant  in  1956  and  by 
Hooker  Chemical  Company  which  he  joined 
in  1958,  he  was  involved  in  applied  polymer 
research  on  coatings  and  ri^  foams.  In 
1967.  he  earned  his  Ph.D.  in  chemistry  at 
the  State  University  of  New  York  at  Stony 
Brook.  H'is  doctoral  research  involved  the 
synthesis  and  spectroscopic  artalysis  of  rtew 
silyt-aluminum  hydride  and  germyl  hydride 
compounds. 

In  1967,  Dr.  Raider  joined  the  IBM  Com¬ 
ponents  Division  at  East  FishkHt,  New  York. 
He  transferred  to  the  IBM  T.J.  Watson  Re¬ 
search  Center  in  1975  where  he  is  a  Re¬ 
search  Staff  Member.  He  is  presently  on 
temporary  assignment  in  IBM  at  Thormwod, 
New  York. 


Dr.  Raider's  research  at  IBM  has  primarily 
focused  on  how  device  properties  and  pro¬ 
cessing  relate  to  the  chemist  that  occurs  at 
interlaces  between  thin  insulator  films  and 
semiconducting  or  superconducting  sub¬ 
strates.  He  was  among  the  first  to  use  x-ray 
photoelectron  spectrosoopy  as  a  tool  to 
characterize  imerfaces  and  has  applied  this 
technique  to  study  the  Si-SiO,  interface,  the 
oxidatiOT  of  silicon  nitride,  and  the  Nb/Nb  ox¬ 


ide  interface  formed  during  Josephson  tun- 
nei  barrier  processing.  From  studies  of  Si- 
SiO;  interfaciai  reactions  involving  Nj  or  car¬ 
bon  impurities,  processes  were  identified 
which  affect  Si  oxidation  kinetics,  initiate  in- 
terlaciai  reactions  at  local  sites,  and  produce 
electricaliy  active  intermediates  at  the  inter¬ 
face.  He  has  found  that  MOS  capacitor 
breakdowns  are  enhanced  by  fieid  assisted 
transport  of  sodium  ions  into  SiO,  when  Si  is 
negatively  biased  and  has  shown  that  the 
times  to  breakdown  are  proportional  to  the 
applied  field  as  describe  by  Peek's  law. 
Based  on  interface  studies  with  supercon¬ 
ducting  films,  he  has  developed  processes 
for  preparing  high  quality,  reproducible 
Nb/Nb  oxide/Pb  alloy  Josephson  tunnel 
junctions,  for  trimming  tunnel  junction  cur¬ 
rents  by  ion  implantation,  and  for  fabricating 
new  three-terminal,  nonequilibrium  super¬ 
conducting  devices.  He  has  studied  conduc¬ 
tion  in  granular  NbN  superconducting  films 
using  scanning  tunneling  microscopy  at  liq¬ 
uid  helium  temperatures  and  is  currently 
evaluating  the  uniformity  of  deposited  high 
T^  superconducting  film  properties  using 
magneto-optic  glasses. 

Dr.  Raider  has  received  two  IBM  Out¬ 
standing  Contribution  Awards  for  his  work  on 
time-dependent  breakdown  of  metal  ox¬ 
ide  semicortductor  capacitors  and  for  devel¬ 
oping  the  process  that  IBM  used  in  their 
Josephson  program  to  produce  stable,  re¬ 
producible  Joeephson  tunnel  jurKfions.  He  is 
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the  recipient  of  four  IBM  Invention  Awards, 
the  author  of  more  than  50  technical  papers, 
and  holds  five  issued  patents.  He  is  an  editor 
of  two  Electrochemical  Society  proceeding 
volumes  on  low-tempe' -tc'-e  electronics  and 
high-temperature  supercoi  •'uctivity. 

In  The  Electrochemical  Society,  he  has 
served  in  the  Dielectric  Science  and  Tech¬ 


nology  Division  as  Nominating  Committee 
Chairman  and  as  a  member-at-large,  and  as 
a  member  of  the  New  Technology  Subcom¬ 
mittee.  He  has  organized  and  participated  in 
symposia  on  new  research  topics  for  the 
Society,  has  organized  and  moderated  a 
panel  discussion  on  low  temperature  elec¬ 
tronics  and  superconductivity  in  1987,  and 


has  chaired  sessions  in  symposia  on  Si  oxi¬ 
dation  and  dielectric  breakdown.  He  is  a 
member  of  the  Materials  Research  Society, 
has  served  on  the  Applied  Superconductivity 
Planning  Committee  (1987),  and  has  chaired 
symposia  at  Applied  Superconductivity  Con¬ 
ferences. 


Gottlieb  S.  Oehrlein  to  Receive  the  Electronics  Division  Award 


Gottlieb  S.  Oehrlein,  a  physicist  at  the  IBM 
T.j.  Watson  Research  Center,  has  been  se¬ 
lected  to  receive  the  1992  Electronics  Divi¬ 
sion  Award  of  The  Electrochemical  Society 
at  the  Awards  and  Recognition  Session  to 
be  held  at  4:30  p.m.  on  Tuesday,  May  19, 
1992  in  Promenade  Ballroom  C  and  D,  2nd 
level  of  the  Adam's  Mark  Hotel. 

Dr.  Oehrlein  will  present  his  award  ad¬ 
dress.  "Surface  Studies  of  Reactive  Ion  Etch¬ 
ing  Processes  in  Silicon  Technology:  From 
Surface  Damage  to  High  Resolution  Depth 
Profiling"  at  2:00  p.m.  on  Monday,  May  18, 
1992,  in  the  Promenade  Ballroom  C,  2nd 
level  of  the  Adam's  Mark  Hotel. 

Dr.  Oehrlein  is  a  Research  Staff  Member 
in  the  Silicon  Technology  Department  at  the 
IBM  T.J.  Watson  Research  Center.  He  re¬ 
ceived  a  Vordiplom  degree  in  physics  from 
Wuerzburg  University  in  West  Germany  in 
1976  and  his  M  S.  and  Ph.D.  degrees  in 
physics  from  the  State  University  of  New 
Vork  at  Albany  in  1978  and  1981 ,  respective¬ 
ly.  He  subsequently  joined  IBM  at  the  T.J, 
Watson  Research  Center,  where  he  has 
worked  on  exploratory  materials  and  plas¬ 
ma-based  processes. 

His  early  research  interests  have  included 
nucleation  of  oxygen  precipitates  and 
Oxygen-related  thermal  donors  during  heat- 
treatment  of  Czochralski-grown  silicon,  rapid 
thermal  processing  of  ion  implanted  silicon, 
and  enhanced  diffusion  mechanisms  of 
dopants  He  also  has  worked  on  the  deposi¬ 
tion  and  characterization  of  Ta^O,  for  appli¬ 
cations  as  the  storage  capacitor  dielectric  In 
DRAMS. 

More  recently.  Dr.  Oehrlein  has  been  in¬ 
terested  in  understanding  fundamental  as¬ 
pects  of  reactive  ion  etching  (RIE),  in  particu¬ 
lar  the  plasma-surface  interactions  responsi¬ 


ble  for  the  achievement  of  etch  selectivity 
and  etch  directionality  but  which  may  also  re¬ 
sult  in  dry  etch  damage.  He  and  his  co¬ 
workers  characterized  and  elucidated  the 
mechanistic  details  of  silicon  near-surface 
defects  and  surface  contamination  in  selec¬ 
tive  oxide  RIE  and  other  plasma  processes. 
A  new  approach  to  spatially  resolve  in  situ 
analysis  of  semiconductor  microstructures 
(using  blanket  surface  analysis  techniques) 
was  demonstrated  which  exploited  the  topo¬ 
graphic  and  insulating  characteristics  of  the 
structures.  This  approach  enabled  the  study 
of  the  surface  chemistry  of  contact  hole 
etching  processes  using  actual  structures 
and  also  made  possible  the  first  in  situ  stud¬ 
ies  of  the  chemistry  of  sidewall  passivation 
layers  formed  in  Si  french  etching  using  fluo¬ 
rine-.  chlorine-,  and  bromine-based  plasmas. 
Additionally,  using  real-time  ellipsometry 
during  RIE  of  Si.  SiOj,  SiGe,  etc.,  the  kinetic 


aspects  of  etch  selectivity  could  be  studied. 
The  combination  of  RIE  and  ellipsometry 
also  has  enabled  high-resolution  composi¬ 
tional  depth  profiling  of  ultra-thin  films,  e.g., 
oxide-nitride-oxide  dielectric  stacks,  or  deter¬ 
mining  the  Ge  profile  in  epitaxial  SiGe  al- 
loy/Si  superlattices. 

Oehrlein  has  been  a  Fellow  of  the  Institute 
of  International  Education  (New  York)  and 
received  the  SUNY  at  Albany  Chancellor’s 
“Honors  Convocation  Award  for  Academic 
Excellence  and  a  Distinguished  Dissertation" 
in  1982.  Dr.  Oehrlein  was  awarded  the  1986 
Solid-State  Science  and  Technology  Young 
Authors  Award  of  The  Electrochemical  Soci¬ 
ety.  He  received  several  IBM  internal 
awards,  including  an  IBM  Outstanding  Tech¬ 
nical  Achievement  Award  for  his  work  in  the 
area  of  reactive  ion  etching.  He  is  a  member 
of  the  American  Vacuum  Society,  The  Elec¬ 
trochemical  Society,  and  the  American  Phys¬ 
ical  Society,  and  served  on  the  program 
committee  of  the  1983  Electronic  Materials 
Conference  and  the  1990  Gordon  Research 
Conference  on  Plasma  Chemistry.  He  was  a 
Visiting  Scientist  at  the  Forsvarets  Forskn- 
ingsanstalt,  Linkoping,  Sweden,  and  the 
Centre  National  d'Etudes  des  Telecommuni¬ 
cations,  Grenoble,  France,  during  the  sum¬ 
mers  of  1981  and  1989,  respectively.  In 
1988  he  was  appointed  the  first  visiting  pro¬ 
fessor  of  the  SUNY  Albany/RPI  Joint  Labo¬ 
ratories  of  Advanced  Materials. 

Dr.  Oehrlein's  research  has  resulted  in 
over  100  publications,  numerous  invited  lec¬ 
tures  at  conferences  and  universities,  and 
several  patents.  Currently,  he  is  working  on 
the  characterization  of  high-density  plasma 
surface  interactions  and  integration  of  plas¬ 
ma-based  processes  in  vacuum  cluster 
tools. 


Robert  A.  Osteryoung  to  Receive  the  Max  Bredig  Award  in  Moiten  Sait  Chemistry  of 

the  Physical  Electrochemistry  Division 


The  Max  Bredig  Award  will  be  presented 
to  Robert  A.  Osteryoung  at  the  Awards  and 
Recognition  Session  to  be  held  on  Tuesday. 
May  19.  1992,  at  4:30  p.m.  in  Promenade 
Ballroom  C  and  D,  2nd  level  of  the  Adam's 
Mark  Hotel.  “Through  the  Years  and  Tem¬ 
peratures:  Adventures  in  Molten  Salt  Land" 
IS  the  title  of  his  award  address  which  he  will 
deliver  after  dinner  (approximately  8  p.m.) 
Wednesday.  May  20,  in  the  St.  Louis  Ball¬ 
room  H.  4th  level  of  the  Adam's  Mark  Hotel, 
Robert  Osteryoung  was  bom  in  Cleve¬ 
land.  Olio,  in  1927  Ho  served  in  the  U  S, 
Navy  and  then  obtained  the  degree  of  B  S. 
in  Chemistry  in  1949  from  Ohio  University.  In 
1951  ho  received  his  M.S.  from  the  Univer¬ 
sity  of  Illinois  and  obtained  his  Ph.D.  in  1954 
from  the  same  institufion.  From  1951  to  1952 
he  worked  for  the  Harshaw  Chemical 


Company.  From  1954  through  1959  he  was 
Assistant,  then  Associate.  Professor  of 
Chemistry  at  Rensselaer  Polytechnic  Insti¬ 
tute.  Troy,  New  York.  In  1959  he  joined  the 
staff  of  Atomics  International  Division  of 
what  is  now  Rockwell  International,  Los  An¬ 
geles.  He  moved  to  Rockwell's  Science 
Center  Laboratory  as  Group  Leader  of  Phys¬ 
ical  Chemistry  in  1966  and  in  1968  was 
named  Associate  Director.  He  also  served, 
from  1966  to  1968.  as  Director  of  the  Materi¬ 
als  and  Process  Laboratoiy  of  Rockwell's 
Autonetics  Division.  He  was  also  a  Visiting 
Associate  in  Chemistry  at  the  California  In¬ 
stitute  of  Technology  from  1962  to  1968. 

In  1968  he  was  named  Professor  and 
Chainnan,  Department  of  Chemistry.  Col¬ 
orado  State  University.  Ft.  Collins,  Colorado, 
where  he  served  as  Chairman  through  June 
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1978.  From  July  I977p  through  June  1978 
he  was  on  leave  as  a  Program  Manager  at 
the  Air  Force  Office  of  Scientific  Research  in 
Washington,  DC.  He  joined  the  faculty  of  the 
State  University  of  New  York  at  Buffalo  in 

1979.  He  will  move  to  North  Carolina  State 
University  in  Raleigh,  North  Carolina,  as  Re¬ 
search  Professor  in  July  1992. 

His  research  interests  are  in  molten  salt 
chemistry  and  electrochemistry,  in  electro- 
analytical  chemistry,  with  emphasis  on  fast 
pulse  voltammetric  methods,  and  in  the  on¬ 
line  use  of  computers  in  electrochemistry.  He 
has  published  over  200  research  papers  in 
these  areas.  A  past  Chairman  of  the  Gor¬ 
don  Research  Conference  on  Electrochem¬ 
istry,  he  has  been  an  invited  speaker  at  Gor¬ 
don  Research  Conferences  in  electrochem¬ 
istry,  analytical  chemistry,  and  molten  salt 
chemistry.  He  has  also  been  an  invited 
speaker  at  numerous  other  scientific  meet¬ 
ings  in  the  United  States  and  abroad. 


Having  joined  The  Electrochemical  Soci¬ 
ety  in  1969,  he  has  served  as  Secretary- 
Treasurer,  Vice-Chairman,  and  Chairman  of 
the  Physical  Electrochemistry  Division,  and 
member  of  the  Board  of  Directors,  and  cur¬ 
rently  serves  on  the  Finance  Committee.  He 
was  twice  nominated  as  Vice-President  of 
the  Society.  From  1979-1986  he  served  as  a 
Divisional  Editor  of  the  Journal  of  the  Elec¬ 
trochemical  Society. 

He  is  a  past  member  of  the  Advisory 
Board  of  Analytical  Chemistry,  a  past  Chair¬ 
man  of  the  Division  of  Anal^ical  Chemistry 
of  the  American  Chemical  Society,  and  is 
currently  an  Alternate  Councilor  of  that  Divi¬ 
sion  to  the  ACS  Council.  As  Chairman  of  the 
Division  of  Analytical  Chemistry’s  Profes¬ 
sional  Status  Committee,  he  operated  the 
Division's  Summer  Intern  Program  for  thir¬ 
teen  years.  He  was  Program  Chainnan  of 
the  Division  s  1984  Summer  Symposium. 
He  currently  serves  as  an  Associate  Editor 


of  Analytical  Chemistry  for  electroanalytical 
chemistry. 

He  was  the  1978  recipient  of  the  Distin¬ 
guished  Service  Award  of  the  Colorado  Sec¬ 
tion  of  the  American  Chemical  Society, 
the  1987  recipient  of  the  Charles  N.  Reilley 
Award  in  Electroanalytical  Chemistry  of  the 
Society  for  Electroanalytical  Chemistry,  was 
the  winner  of  the  1 990  Schoellkopf  Medal  of 
the  Western  New  York  section  of  the  Ameri¬ 
can  Chemical  Society,  and,  in  1991,  re¬ 
ceived  the  American  Chemical  Society's  Di¬ 
vision  of  Analytical  Chemistry  Award  in  Elec¬ 
trochemistry.  He  was  selected  as  a  Fellow  of 
the  Electrochemical  Society  in  1990. 

His  other  professional  affiliations  include; 
founding  member  and  past  member  of  the 
Board  of  Directors  of  the  Society  of  Electro¬ 
analytical  Chemistry,  the  International  Soc¬ 
iety  of  Electrochemistry,  Phi  Beta  Kappa, 
Sigma  Xi,  and  fellow  of  the  American  Asso¬ 
ciation  for  the  Advancement  of  Science. 


181st(Meeting  of  The  Electrochemical  Society,  Inc. 
t  ^  Adani'S  ]yUrk  Hotel,  May  17-22,  1992 


SCHEDULE  OF  SYMPOSIA/SESSIONS  BY  DIVISIONS  AND  GROUPS 


BATTERY  Abstract  Numbers 

Monday,  May  18,  1992 
62 

Joint  General  Session  .  1-13 

Direct  Electrochemical  Oxidation  of  Methanol  and  Small  Organic  Molecules .  19-28 

Tuesday,  May  19,  1992 

Joint  General  Session  .  14-18 

Direct  Electrochemical  Oxidation  of  Methanol  and  Small  Organic  Molecules .  29-40 

Wednesday,  May  20,  1992 

High  Temperature  Sensors .  355-365 

CORROSION 
Monday,  May  18,  1992 

Fractals  in  Electrochemistry .  308-320 

Tuesday,  May  19,  1992 

Cathodic  Protection  Systems  .  54-61 

Fractals  in  Electrochemistry .  321-326 

Thursday,  May  21,  1992 

General  Session  .  41-53 

DIELECTRIC  SCIENCE  AND  TECHNOLOGY 
Monday,  May  18,  1992 

Ninth  Symposium  on  Plasma  Processirj .  62-76 

Second  International  Symposium  on  Reduced-Thermal-Budget  Processing  for  the  Fabrication 

of  Microelectronic  Devices . 133-144 

Fifth  International  Symposium  on  Silicon-on-Insulator  Technology  and  Devices . 153-161 

Materials  and  Processing  Issues  for  Large  Scale  Integrated  Electronic  and  Photonic 

Arrays .  196-204 

Second  Symposium  on  the  Physics  and  Chemistry  of  SiOj  and  the  Si-SiOj  Interface  . 210-222 

Synthesis  and  Processing  for  High-Temperature  Materials  in  the  Year  2000  .  341-347 

Fullerenes:  Chemistry,  Physics  and  New  Directions  . 613  FUL-626  FUL 

Tuesday,  May  19,  1992 

Ninth  Symposium  on  Plasma  Processing .  77-88 

Second  International  Symposium  on  Reduced-Thermal-Budget  Processing  for  the  Fabrication 

of  Microelectronic  Devices . 145-152 

Fifth  International  Symposium  on  Silicon-on-lnsulator  Technology  and  Devices . 162-173 

Materials  and  Processing  Issues  for  Large  Scale  Integrated  Electronic  and  Photonic 

Arrays .  205-209 

Second  Symposium  on  the  Physics  and  Chemistry  of  SiO;  and  the  Si-SiO;  Interface  .  223-235 

State-of-the-Art  Program  on  Compound  Semiconductors  XVI  .  565  SOA-568  SOA 

Synthesis  and  Processing  for  High-Temperature  Materials  in  the  Year  2000  .  348-354 

Fullerenes:  Chemistry,  Physics  and  New  Directions  .  627  FUL-638  FUL 

Micromachining  and  Microstructures  .  596  MIC-598  MIC 

Wednesday,  May  20,  1992 

Ninth  Symposium  on  Plasma  Processing . 89-105 

Fifth  International  Symposium  on  Siliron-on-Insulalor  Technology  and  Devices . 174-184 

Second  Symposium  on  the  Physics  and  Chemistry  of  SiOj  and  the  Si-SiOj  Interface  .  236-252 

State-of-the-Arl  Program  on  Compound  Semiconductors  XVI .  569  SOA-581  SOA 

Joint  General  Session  .  269-293 

Electrochemical  Characterization  of  Thin  Solid  Films .  327-334 

Fullerenes:  Chemistry,  Physics  and  New  Directions  .  639  FUL-668  FUL 

Quantum  Confinement .  589  OUA-595  QUA 

Micromachining  and  Microstructures  .  599  MIC-612  MIC 


Thursday.  May  21,  1992 


Ninth  Symposium  on  Plasma  Processing . 106-123 

Fifth  International  Symposium  on  Silicon-on-Insuiator  Technology  and  Devices . 18S-19S 

Second  Symposium  on  the  Physics  and  Chemistry  of  SiO^  and  the  Si-SiOj  Interface  .  253-268 

State-of-the-Art  Program  on  Compound  Semiconductors  XVI .  582  SOA-588  SOA 

Joint  Recent  News  Paper  Session .  698  RNP-709  RNP 

Fullerenes:  Chemistry,  Physics  and  New  Directions  .  669  FUL-684  FUL 

Friday,  May  22,  1992 

Ninth  Symposium  on  Plasma  Processing . 124-132 

Fullerenes:  Chemistry,  Physics  and  New  Directions  .  685  FUL-697  FUL 

ELECTRODEPOSITION 

Monday,  May  18,  1992 

Micromorphology  in  Electrocrystallization  .  465-474 

Tuesday,  May  19,  1992 

Micromorphology  in  Electrocrystallization  .  475-481 

ELECTRONICS 
Monday,  May  18,  1992 

Ninth  Symposium  on  Plasma  Processing .  62-76 

Second  International  Symposium  on  Reduced-Thermal-Budget  Processing  for  the  Fabrication 

of  Microelectronic  Devices . 133-144 

Fifth  International  Symposium  on  Silicon-on-Insulator  Technology  and  Devices . 153-161 

Materials  and  Processing  Issues  for  Large  Scale  Integrated  Electronic  and  Photonic 

Arrays .  196-204 

Second  Symposium  on  the  Physics  and  Chemistry  of  Si02  and  the  Si-SiOj  Interface  . 210-222 

Fullerenes:  Chemistry.  Physics  and  New  Directions  . 613  FUL-626  FUL 

luesday,  May  19,  1992 

Ninth  Symposium  on  Plasma  Processing .  77-88 

Second  International  Symposium  on  Reduced-Thermal-Budget  Processing  for  the  Fabrication 

of  Microelectronic  Devices . 145-152 

Fifth  International  Symposium  on  Silicon-on-Insulator  Technology  and  Devices . 162-173 

Materials  and  Processing  Issues  for  Large  Scale  Integrated  Electronic  and  Photonic 

Arrays .  205-209 

Second  Symposium  on  the  Physics  and  Chemistry  of  SiOj  and  the  Si-SiOj  Interface .  223-235 

State-of-the-Art  Program  on  Compound  Semiconductors  XVI .  565  SOA-568  SOA 

Fullerenes:  Chemistry,  Physics  and  New  Directions  .  627  FUL-638  FUL 

Micromachining  and  Microstructures  .  596  MIC-598  MIC 

Wednesday,  May  20,  1992 

Ninth  Symposium  on  Plasma  Processing . 89-105 

Fifth  International  Symposium  on  Silicon-on-Insulator  Technology  and  Devices . 174-184 

Second  Symposium  on  the  Physics  and  Chemistry  of  SiO,  and  the  Si-SiOj  Interface  .  236-252 

State-of-the-Art  Program  on  Compound  Semiconductors  XVI .  569  SOA-581  SOA 

Joint  General  Session  .  269-293 

Electrochemical  Characterization  of  Thin  Solid  Films .  327-334 

Fullerenes:  Chemistry,  Physics  and  Ni’«-  Directions  .  639  FUL-668  FUL 

Quantum  Confinement .  589  QUA-595  QUA 

Micromachining  and  Microstructures  .  599  MIC-612  MIC 

Thursday,  May  21,  1992 

Ninth  Symposium  on  Plasma  Processing . 106-123 

Fifth  International  Symposium  on  Silicon-on-Insulator  Technology  and  Devices . 185-195 

Second  Symposium  on  the  Physics  and  Chemistry  of  SiOj  and  the  Si-SiO,  Interface  .  253-268 

State-of-the-Art  Program  on  Compound  Semiconductors  XVI .  582  SOA-588  SOA 

Joint  Recent  News  Paper  Session .  698  RNP-709  RNP 

Fullerenes:  Chemistry,  Physics  and  New  Directions  .  669  FUL-684  FUL 


Friday,  May  22,  1992 

Ninth  Symposium  on  Plasma  Processing . 124-13,i 

Fullerenes:  Chemistry,  Physics  and  New  Directions  .  685  FUL-697  FUL 

ENERGY  TECHNOLOGY 

Monday.  May  18,  1992 

Joint  General  Session  .  1-13 

Direct  Electrochemical  Oxidation  of  Methanol  and  Small  Organic  Molecules .  19-28 

Fractals  in  Electrochemistry .  308-320 

Tuesday,  May  19,  1992 

Joint  General  Session  .  14-18 

Direct  Electrochemical  Oxidation  of  Methanol  and  Small  Organic  Molecules .  29-40 

Fractals  in  Electrochemistry .  321-326 

Wednesday,  May  20,  1992 

Surface  Processing  in  Energy  Technologies .  294-307 

Electrochemical  Characterization  of  Thin  Solid  Films .  327-334 

HIGH  TEMPERATURE  MATERIALS 

Monday,  May  18,  1992 

Synthesis  and  Processing  for  High-Temperature  Materials  in  the  Year  2000  .  341-347 

Eighth  International  Symposium  on  Molten  Salts  .  482-496 

Tuesday,  May  19,  1992 

Synthesis  and  Processing  for  riigh-Temperature  Materials  in  the  Year  2000  .  348-354 

Fiighth  Internatioi.al  Symposium  on  Molten  Salts  .  497-510 

Wednesday,  May  20.  1992 

Stability  of  Refractory  Materials  .  335-340 

High  Temperature  Sensors .  355-365 

Eighth  International  Symposium  on  Molten  Salts  . .  .  511-529 

Thursday.  May  21,  1992 

Eighth  International  Symposium  on  Molten  Salts  .  530-543 

INDUSTRIAL  ELECTROLYSIS  AND  ELECTROCHEMICAL  ENGINEERING 
Monday,  May  18,  1992 

Electrochemistry  in  Mineral  and  Metal  Processing  HI .  366-374 

Industrial  Electro-Organic  Processes  .  401-407 

Tuesday,  May  19.  1992 

Cathodic  Protection  Systems  .  54-61 

Electrochemistry  in  Mineral  and  Metal  Processing  III .  375-383 

Industrial  Electro-Organic  Processes  .  408-413 

Wednesday,  May  20,  1992 

Electrochemistry  in  Mineral  and  Metal  Processing  HI .  384-394 

Thursday,  May  21,  1992 

Electrochemistry  in  Mineral  and  Metal  Processing  HI .  395-400 

ORGANIC  AND  BIOLOGICAL  ELECTROCHEMISTRY 
Wednesday,  May  20,  1992 

Electro-Organic  Synthesis  with  Homogeneous  and  Heterogeneous  Catalysts . 414-423 

Thursday,  May  21,  1992 

Electro-Organic  Synthesis  with  Homogeneous  and  Heterogeneous  Catalysts .  424-433 


PHYSICAL  ELECTROCHEMISTRY 


Monday,  May  18,  1992 

Direct  Electrochemical  Oxidation  of  Methanol  and  Small  Organic  Molecules .  19-28 

Fractals  in  Electrochemistry .  308-320 

General  Session  .  447-455 

Micromorphology  in  Electrocrystallization  .  465-474 

Fullerenes:  Chemistry,  Physics  and  New  Directions . 613  FUL-626  FUL 

Eighth  International  Symposium  on  Molten  Salts  .  482-496 

Tuesday,  May  19,  1992 

Direct  Electrochemical  Oxidation  of  Methanol  and  Small  Organic  Molecules .  29-40 

Fractals  in  Electrochemistry .  321-326 

General  Session  .  456-464 

Micromorphology  in  Electrocrystallization  .  475-481 

Fullerenes:  Chemistry,  Physics  and  New  Directions  .  627  FUL-638  FUL 

Eighth  International  Symposium  on  Molten  Salts  .  497-510 

Wednesday.  May  20,  1992 

Electrochemical  Characterization  of  Thin  Solid  Films .  327-334 

Electrochemistry  of  High  Temperature  Superconductors .  434-441 

Fullerenes:  Chemistry,  Physics  and  New  Directions  .  639  FUL-668  FUL 

Eighth  International  Symposium  on  Molten  Salts  . 511-529 

Thursday,  May  21,  1992 

Electrochemistry  of  High  Temperature  Superconductors .  442-446 

Fullerenes:  Chemistry,  Physics  and  New  Directions  .  669  FUL-684  FUL 

Eighth  International  Symposium  on  Molten  Salts  .  530-543 

Friday,  May  22,  1992 

Fullerenes:  Chemistry,  Physics  and  New  Directions  .  685  FUL-697  FUL 

SENSOR 

Monday,  May  18,  1992 

Electrochemical  Sensors  in  Medical  Science .  544-556 

Tuesday,  May  19,  1992 

Electrochemical  Sensors  in  Medical  Science .  557-564 

Micromachining  and  Microstructures  .  596  MIC-598  MIC 

Wednesday,  May  20,  1992 

High  Temperature  Sensors .  355-365 

Micromachining  and  Microstructures  .  599  MIC-612  MIC 

NEW  TECHNOLOGY  SUBCOMMITTEE 

Tuesday,  May  19,  1992 

Micromachining  and  Microstructures  .  596  MIC-598  MIC 

Wednesday,  May  20,  1992 

Quantum  Confinement .  589  QUA-595  QUA 

Micromachining  and  Microstructures  .  599  MlC-612  MIC 
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Materials  and  Processing  Issues  for  Large  Scale 
Integrated  Electronic  and  Photonic  Arrays 

D.  Buckley 
R.  Enstrom 
R.  Leyy 
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PROGRAM 

ST.  LOUIS,  MISSOURI 

The  Electrochemical  Society,  Inc. 

May  17  -  22.  1992 
Sunday  through  Friday 


HOTEL  INFORMATION 

The  1992  Spring  Meeting  will  be  held  it  the  Adam'i  Mark  Hotel. 
Fourth  and  Cbeitnut,  St.  Louis.  MO  <3102.  The  telephoue  number 
for  the  hotel  is  3I4-241>7400.  The  standard  convention  rales  are 
3108  for  single  rooms  and  3118  for  double  rooms. 

Hotel  reservation  cards  have  been  sent  to  all  members,  suthors  of 
papers  and  Technical  Session  Chairmen  and  Vice-Chairmen.  It  is 
suggested  that  you  use  the  special  reservation  envelope.  If  yon  call 
for  a  reservation  yon  MUST  mention  that  yon  ate  attending  The 
Electrochemical  Society  Meeting  to  obtain  these  special  convention 
rates.  DEADLINE  FOR  HOTEL  RESERVATIONS  IS  APRIL  10. 
1992. 

TRAVEL  INFORMATION 

la  order  to  reduce  expenses  for  attendees.  TWA  has  been  named 
the  official  carrier  for  this  Spring  Meeting.  Arrangements  have  been 
made  for  attendees  to  obtain  a  special  reduced  airfare.  This  special 
airfare,  which  is  not  avaUable  elsewhere.  wiU  be  guaranteed  to  all 
registnats  who  wish  to  use  the  special  Fngazy  International  Travel 
meeting  service  telephone  number  listed  below. 

To  make  a  reservation  at  the  special  reduced  airfare,  which  can  be 
as  low  as  a  43%  discount,  yon  can  call  Fugazy  lalsraalional  Travel 
directly.  The  phone  numbers  are:  800.828-4488  (anywhere  in  the 
Coatiaeatai  US)  or  908.828*4488  in  the  state  of  New  Jersey. 

Cail  between  the  hours  of  8:30  AM  and  3:30  PM  Eastern  Time. 
Monday  through  Friday  or  10:00  AM  to  2:00  PM  on  Saturday. 
Please  mention  that  you  are  attending  The  Electrochemical  Society 
Meeting  in  St.  Louis,  Missouri. 

REGISTRATION 

The  registration  area  will  be  located  on  the  Fourth  Level  in  the 
Coat  Room  Foyer  of  The  Adam's  Mark  Hotel. 

Advance  Registration 

Advance  registration  is  suggested  if  you  plan  to  attend  the  Spring 
Meeting.  Forms  are  available  from  The  Electrochemical  Society, 
Inc,  10  South  Main  Street.  Pennington.  New  Jersey  08334-2898. 
phone  number  <09-737-1902.  or  FAX:  <09-737-2743.  DEADLINE 
FOR  RECEIPT  OF  ADVANCE  REGISTRATION,  INCLUDINC 
PAYMENT,  IS  MAY  1,  1992.  Writlea  requests  for  refunds  will  be 
honored  only  if  received  at  Society  Headquarters  in  Pennington 
before  May  8,  1992. 

Note:  Meeting  registration  fees  and  all  tickets  are  discounted  if 
purchased  with  Advance  Registralioa. 

Registration  at  the  Meeting 
The  regiatratioa  hours  are: 

Sunday,  May  17 - 2:00  P.M.  to  7:00  PAf. 

Monday,  May  18 - 7:30  A.M.  to  3:30  P.M. 

Tuesday,  May  19 - 7:30  A.M.  to  3:30  PJd. 

Wedaesdsy,  May  20 -  7:30  A.M.  to  3:30  P.M. 

Thursday,  hday  21 - 7d0  AJd.  to  IdO  FJd. 

Friday,  May  22 - 8K)0  AJd.  to  10:00  AJd. 

REGISTRATION  FEES 

AU  perriefpenis  end  ewendres  ere  nfitni  le  pey  e  ragtsfrelien  /ee. 
Payment  eaa  ha  nude  by  cash,  cheek,  or  travelert  cheeks  ia  UJ. 
(bads.  Credit  cards,  oa^  Mastereard  or  Visa,  are  aceaptod.  The 
schedule  of  fees  is  as  follewa: 


Technical  Session  Registration  Fees 


advance  AT  MEETINC 

Members  ————————————  3170.00  3190.00 

Nonmembers - 3233.00*  3273.00* 

Student  Members  — — — - — — — —  310.00  310.00 

Nonmember  Students - — — —  320.00*  320.00* 

SoHUehnical  Rtfuiranlt  Fee  330.00  340.00 

Emeritus  and  Honorary  Members -  Complimentary 

Last  Day  Registration  (Friday  only) 

Members  ——————————————————  340.00 

Nonmemhers  ——————————————  333.00 


•If  •  HOnmtmhtr  mimiU  eit  AppUemtioH  far  Admitsion  withim  four 
moHlh*  efiht  Mttiinf  end  is  sukstqumify  e/eOed  lo  mtmhtrthip  in  <Ae 
Soeitty,  iht  diffmuc*  benveen  iht  nonmember  and  member  rtgislraliou 
faa  will  be  appliad  to  the  1992  duaa^  which  arc  S85.00. 


MEETING  INFORMATION 

Meeting  Registration  — — —  Coat  Room  Foyer,  4lh  Level 

tnformation/Message  Center  — - Coat  Room  Foyer.  4th  Level 

Nontechnical  Registrants  Headquarters  —  Rote  Garden.  4th  Level 
Society  Headquarters  Office  — — — — — —  Room  27,  2nd  Level 


GENERAL  FUNCTIONS 

Sunday,  May  17 

Sunday  Evening  Get-Together 

An  informal  Sunday  Evening  Get-Together  will  be  held  in  the  St. 
Louis  Ballroom  D.  Fourth  Level  from  7:30  to  9:30  P.M.  All  meeting 
registrants  are  invited  to  attend. 

Monday,  May  18 
Monday— Plenary  Session 

At  9:00  A.M.  the  Plenary  Session  will  be  held  in  the  Promenade 
Ballroom  CAD.  Second  Level.  The  Honorable  George  E.  Brown. 
Jr,  California  State  Representative,  will  deliver  The 
Electrochemical  Society  Lecture  entitled,  *Covernment  Initiatives  ia 
Materials  Science.* 

Monday  Evening  Mixer 

Aa  informal  gatheriag  will  he  held  ia  the  Pre-Coavenc,  Second 
Level  from  8:00  to  7:13  PA(.  Beer,  soft  drinks,  and  snacks  will  bo 
served  on  a  eomplimeataty  basis.  Ia  addition,  there  will  be  a  cash 
bar  for  those  who  prefer  mixed  drinks  or  wine.  All  meeting 
reglstraats  are  invited  to  attend. 

Tuesday,  May  19 

Awards  and  Recognition  Session 

The  Awards  sad  Racogailion  Session  will  begin  at  4:30  PJd.  ia  the 
Proaseaade  Ballroom  CAD.  Second  Level. 

At  this  seuloa,  the  Thoaus  D.  Callinaa  Award  of  the  Dielectric 
Scieace  sad  Teehaology  DMsioa  will  ha  presented  to  Stanley  I. 
Raider.  The  Elactreaics  DWisioa  Aarard  will  be  preeeatsd  to 
Gottlieb  S.  Oehrloia.  The  Heaty  B.  Linford  Award  for  Obtiagaished 
Teaching  will  be  presented  to  Rea  Nobo. 
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Vittorio  de  Nora  Award  Address 

Imaiedntely  (ollowiag  lh«  Awirdi  sad  Recog  oitioo  Session.  Ernest 
B.  Yesger  will  deliver  the  Vittorio  de  Nora  Award  Address  entitled. 
'Opportunities  for  0|  Cathodes  in  Batteries.  Fuel  Cells  and 
IndnstrisI  Eleetrolytie  Processes.' 

Vittorio  de  Nora  Award  Reception  and  Banquet 

Beginning  at  7:00  PM,  a  reception  and  hanqnat  will  he  held  in  the 
Rose  Garden  Room.  Fourth  Level,  to  honor  Eraest  B.  Yeager.  After 
dinner,  he  will  be  presented  with  the  Vittorio  de  Nora  Medal  aad 
Prize.  Tickets  for  this  event  will  be  $40.00  in  advaaea  and  $454)0 
at  the  meeting. 

Wednesday,  May  20 

Max  Bredig  Award  in  Molten  Salt  Chemistry 
Dinner  and  Address 

Begining  at  8:00  PAC.,  a  dinner  will  be  held  in  the  St.  Lonis 
Ballroom  H,  4th  Level  of  the  Adam's  Mark  Hotel,  to  honor  Robert 
A.  Osteryoang.  After  dinner  he  will  deliver  the  Max  Bredig  Award 
Address  entitled.  Throngh  the  Years  aad  Temperatures: 
Adventures  in  Molten  Salt  Land.*  Tickets  for  this  event  will  be 
$22.00  in  advance  aad  $27.00  at  the  meeting. 

erasin’  Down  the  Mighty  Mississippi 

Enjoy  a  moonlight  cmise  down  the  Mississippi  River  aboard  the 
Huek  Finn  Riverboat  which  has  been  reserved  exclusively  for  Society 
Meeting  attendees.  The  Hack  Finn  Riverboat  is  a  replica  of  a  19lh 
century  stem-wheeler  with  all  the  modern  conveniences.  Cash  bats 
are  located  on  the  Grat  and  second  floors,  with  an  open-air  deck, 
perfect  for  star  gazing. 

A  Dixieland  band  greets  yon  on  your  srrivaL  and  continues  to 
entertain  yon  thronghont  the  evening.  After  the  boat  hat  erasied  for 
a  while,  yon  will  be  served  a  boffet-ityle  dinner  of  baked  ham. 
chicken  a  Is  orange,  vegetables,  pastss,  salads,  rolls  and  deserts. 

Your  emita  down  the  Mighty  Mississippi  River  will  be  a 
memorable  part  of  your  stay  in  St.  Louis.  Bases  depart  from  the  4lh 
Street  Exit  of  the  Adam's  Mark  Hotel  at  6:30  PM.  If  yon  would 
prefer  to  walk,  tbs  equivslent  of  tour  city  blocks,  simply  cross 
Memorial  Drive,  pass  the  Osteway  Arch,  and  walk  down  the  stairs 
to  the  dock  where  yon  can  board  the  riverboat  at  approximately  7:00 
PM. 

Botes  will  retuTB  to  the  Adam's  Mark  Hotel  at  approximately  10:30 
P.M.  PRICE:  $43J0  per  person  in  advance,  $45.00  after  April  17. 
1992,  Tlekets  era  available  at  the  /megcr  end  /dees  hospitality  desk 
located  in  the  Meeting  Registration  Area. 

COMMITTEE  MEETINGS 

Committee  Meeting  Roonss  21  through  29  are  located  on  the  Second 
Level  to  the  left  of  the  entrance  to  the  Promenade  Ballrooms. 
Committee  Meeting  Rooms  41  throngh  48  are  located  on  the  Fourth 
Level  to  the  left  of  the  entrance  to  the  St.  Louis  Ballrooms. 

Sunday,  May  17 


3100  PM. 

Eloctroaica  Divisioa  Snhcommillee  on 
Snkoa  Dioxida/Silicoa  lalarfsec 

Room  26 

3kOPM. 

Elcctrottica  Divisioa  Subcommittee  on 
ULSI  Seknea  aad  Technology 

Room  24 

3k0PM. 

Elactroaka  Dlviska  Snhcommillee  on 
Compound  Samkoadnetors 

Room  25 

4:00  PM. 

Dkkctrk  Science  aad  Tachaolop 
Division  Executive  Coauaitlaa 

Room  23 

4:00  PM 

Ad  Hoc  Long  Reap  Planning 
Coasmiltae 

Room  21 

5k0PM 

Exteraal  Awards  Subcommittee 

Room  22 

5MPM 

Bloctrouica  Divisioa  Tachakal  Program 
Pkaaiag  Subconnnitiee 

Room  36 

7:00  PM 

Pollow  Saleclka  Committee 

Room  35 

7ktPM 

P^ftkal  Bketroebemistty  Dlviska- 
David  C.  Oiahame  Award  Cemadiiae 

Room  34 

7kOPM 

Senear  Oronp  Eascaiivo  Cemaritlee 

Room  23 

7:HPM 

Ceoaefl  of  Local  Secikas 

Room  29 

•kOPM 

Physical  Eketmeheadstry  Dhriska 
Sympeelum  Pbankg  Committee 

Room  23 

•too  PM. 

Editorial  Board 

Room  21 

8:80  PM. 

Bketronks  Dkkion  Eaacaliva 

Prosmaade 

Committee 

Ballroom  B 

Monday,  May  18 

7:30  AJd.  High  Temperature  Materials  Division  Room  25 

Executive  Committee 

AM.  Industriai  Electrolysis  and  Room  28 

Electrochemical  Engineering  Division 
Executive  Committee 

7:30  AJd.  Physical  Electrochemistry  Division  Room  22 

Executive  Committee 

7:30  AM.  Dielectric  Science  aad  Technology  Room  23 

Division  Long  Range  Symposium  Planning 
Committee 

10:00  AM.  Solid  State  Science  A  Technology  Room  22 

Award  Snbconwiltee 

10:30  AM.  Education  Conunittec  Room  21 

1:30  PM.  Society  Meeting  Committee  Room  21 

2:00  PM.  New  Technology  Subcommittee  Room  24 

4:00  PM.  Honors  and  Awards  Committee  Room  21 

4:30  PM.  Division/Oroap/Loeal  Section  Room  28 

RepreseatativM  to  Individnal 
Memberahip  Committco 

7:00  PM.  Dielectric  Science  sad  Tachaolo0  Room  23 

Division  Ooveming  Body/Symposium 
Planning  Committee 

7:00  PM.  Energy  Technolo0  Division  Executive  Room  25 

Committee 


Tuesday,  May  19 

7:30  AM.  Symposium  Subcommittee  Room  23 

9:00  A.M.  Publication  Committee  Room  21 

10:30  AM.  Executive  Session  of  the  Individual  Room  25 

Membership  Committee 

1:30  PM.  Technical  Affairs  Committee  Room  21 

6:00  PM.  Organic  aad  Biological  Electrochemistry  Room  25 

Division  Executive  Committee 


Wednesday,  May  20 

7:30  AM.  Fiasaee  Committee  Room  21 

7:30  AM.  Council  of  Past  Presidents'  Breakfast  Room  23 

7:30  A.M.  Solid  Stale  Monograph  Committee  Room  25 

10:00  AM.  Ways  sad  Means  Committee  Room  21 

1:30  P.M.  Financial  Policy  Advisory  Committee  Room  21 

2:30  PM.  Contributing  Membership  Committee  Room  25 

5:30  PM.  Orpnic  sad  Biological  Electrochemistry  Room  41 

Division  Mixer 

6:00  PM.  Max  Bredig  Award  in  Molten  Salt  SI.  Lonis 

Chemistry  Dinner  Ballroom  H 


Tbursday,  May  21 

7:30  A.M.  Solid  Slate  Dhrision/Croup  Chairmen's  Room  25 
Breakfast 

9H>0  AM.  Board  of  Directors'  Meeting  Promenade 

Ballroom  D 

5:00  PM.  Ninth  Inlemationai  Symposium  on  Room  24 

Molten  Salts  Planning  Meeting 


LUNCHEONS  AND  BUSINESS  MEETINGS 

(Luaeheon  tickets  are  S13A0  in  Advaaea  aad  $17.00  at  the  Meetiag) 

Monday,  May  IS 

12tl5  PM.  Physical  Electrochamislry  St.  Louis  Ballroom  D 
Divisioa  (Northern  Saetion) 

13:15  PM.  Eleclroaics  Divisioa  Rose  Oardaa 

13:15  PM.  ladasirial  Electrolysis  aad  SiXonis  Ballroom  E 

Electrochemical  Eagiaacriag  (Northern  Saetion) 

Divisioa 

IViesday,  May  19 

13:15  PM.  Aaanal  Sodsty  Rose  Oardca 

Wednoaday,  May  20 

13:15  PM.  DMectrie  Sdeaca  aad  Rose  Oerdea 

Tachaoiogy  Divisioa 

13:15  PM.  Baargy  Teehaolop  Promaaade  Ballroom  D 

DhrisiOB 

13:15  PM.  Orpak  aad  Bielogieal  St.  Louis  Ballroom  H 

Ekctrochamisliy  Divisioa 


118C 


J.  Electrochem.  Soc.,  Vot.  139,  No.  3,  March  1992  ©  The  Electrochemical  Society,  Irtc. 


TECHNICAL  SESSION  CHAIRMEN  ORIENTATION 

All  Scsiion  Chairmen  and  Vice-Chairmen  are  urged  to  attend  an 
orientation  meeting  on  the  day  of  their  participation.  The  meeting 
it  scheduled  from  7:30  to  8:00  A.M..  each  day,  in  Room  24,  Second 
Level  of  the  Adam's  Mark  Hotel.  All  Session  Chairmen  and  Vice- 
Chairmen  have  been  aeni  the  necessary  information  and  materials 
needed  to  conduct  their  Technical  Sessions.  Should  you  have  any 
questions  or  specine  problems  that  you  would  like  to  discuss,  a 
member  of  the  Society  Headquarters  Staff  will  be  available  in  Room 
24  from  7:30  to  8:00  AM  on  the  day  of  your  participation. 

NONTECHNICAL  REGISTRANTS  PROGRAM 

For  details  of  the  evening  social  events,  please  refer  to  the 
eategoiy  GENERAL  FUNCTIONS. 

The  headquarters  for  the  Nontechnical  Rcgislnntt  will  be  located 
la  the  Rosa  Garden  Room.  Fourth  Level  of  the  Adam’a  Mark  HoteL 
Monday.  May  18  through  Thntaday,  May  21.  Those  individuals 
registered  at  Nontechnical  Registrants  are  cordially  invited  to  a 
continental  breakfast  each  morning  from  8:30  AM  to  10:00  AAd., 
Monday  through  Thursday. 

During  this  period  plans  can  be  made  with  old  and  new 
acquaintances  to  enjoy  one  of  the  many  sightseeing  tours  available 
through  /megea  end  /dees,  the  exclusive  tour  operator  for  the 
Society's  18ttt  Meeting.  The  Tour  Registration  Desk  will  be  located 
in  the  Meeting  Registration  area  on  the  fourth  level  adjacent  to  the 
escalators.  The  registration  hours  are:  Sunday  -  2:00  P.M.  to  7:00 
P.M..  Monday  through  Wedneaday  -  8:00  A.M.  -  10:30.  Buses  for  all 
tonrs  depart  from  the  4th  Street  Exit  of  the  Adam's  Mark  Hotel. 

Monday,  May  18 

IMAGES  AND  IDEAS  ORIENTATION  -  «:30  AM  -  10:00  AM 
The  Imaft  end  IJtaa  Hostess  will  provide  an  orientation  in  the 
Rose  Garden  Room  of  all  tours  being  offered  during  the  week. 

DISCOVER  ST.  LOUIS  -  10:30  A.M.  -  3:30  P.M. 

Begin  with  a  drive  through  Laclede's  Landing  where  cobblestone 
streets  and  cast-iron  streetlamps  surround  century  old  buildings  that 
house  small  shops,  boutiques  and  unusual  restaurants.  Continue 
your  tour  along  the  historic  riverfront  pauing  boats  and  stern- 
wheelers  on  one  side  and  the  magnificent  stainless  steel  Gateway 
Arch  on  the  other.  View  St.  Louis'  oldest  church,  the  Old 
CathedraL  recogniied  as  the  Oldest  Church  west  of  the  Mississippi 
and  the  Old  Courthouse,  once  the  tallest  building  in  St.  Louis  and 
the  scene  of  the  Dred  Scott  trial. 

From  the  riverfront,  your  tour  will  proceed  to  St.  Louis'  Historic 
South  Side  where  Anheuser-Busch,  the  largest  brewery  in  the  United 
States,  is  located.  Also  in  this  area  is  the  DeMenil  ante-bellum 
Mansion,  built  in  the  1800't  and  the  Lamp  Mansion,  which  Life 
Magaxine  named  as  one  of  the  ten  most  haunted  bousea  in  the 
United  States. 

Your  first  stop  will  be  Union  Station.  Built  in  1894,  this  former 
train  statioa  is  a  National  Historic  Landmark.  Enjoy  lunch  on  your 
own  and  still  have  lime  to  browse  through  some  shops  before 
reboarding  your  molorcoach  to  eontinne  your  lour  to  the  Cathedral 
of  St.  Lonia.  A  visit  to  this  magnificent  Church  is  definitely  one  of 
the  highlights  of  any  tour.  Built  in  1907,  it  contains  one  of  the 
largest  collections  of  mosaic  art  in  the  world. 

The  final  slop  will  be  the  Missouri  Botanical  Gardens.  May  is  the 
SMSI  speciaenlar  month  for  viewing  the  gardens.  This  79-acre 
National  Historic  Landmark  is  abisxa  with  color  featuring  the 
country's  largest  Japanese  garden  and  a  rose  garden  displaying  200 
varieties  of  roses. 

Dbeover  tome  of  the  mors  popular  sights  of  St.  Louis  on  this 
incredible  lour  of  the  city.  PRICE:  822.00  per  person  in  advance. 
124.00  after  AprU  17.  1992. 

Taesdny,  May  19 

FOX  THEATRE  AND  SCIENCE  CENTER  •  10:00  A.M.  -  3rf>0  P.M. 

This  tour  hc^ne  with  a  short  drive  to  *Pex  Theatre*  where 
armngamants  have  been  made  to  tear  the  incredible  tbealrn,  built 
in  1929  by  William  Pox  of  SOth  Ccatnry  Fox  fame,  as  crown  jewel  of 
Ua  imp  Ira.  It  baa  earned  the  naam  The  Fabnions  POx*  dne  to  the 
lavish  interier  deeoratlona;  a  mixtsra  of  cnltarea  that  make  it 
"beantUblly  bixnrre*.  Once  a  aMvie  palace,  it  is  now  used  for 
catwtaiament  feataring  Broadway  shows  and  Super  Star  variety 
thews  ringing  form  rock  to  cbsaicaL  This  theatre  must  be  teen  te 
be  believed. 


After  lunch  on  your  own  in  the  Central  West  End.  wc  continue  the 
tour  to  St.  Louis'  newest  jewel  -  the  5i.  Louis  Science  Center. 
Opened  in  November  of  1991,  it  is  ranked  among  the  top  ten  in  the 
world.  The  four  galleries  represent  Ecology  and  the  Environment, 
Human  Adventure.  Technology  and  Space  Science.  Experience  an 
earthquake  or  tornado,  create  your  own  rainbow,  take  a  journey  into 
the  basic  building  block  of  life  through  a  three-dimensional  cell 
model,  or  launch  a  hot  air  balloon. 

The  Pox  Theatre  and  St.  Louis  Science  Center  are  spectacular  sites 
that  sbonid  not  be  missed  by  anyone  visiting  this  wonderful  city. 
PRICE:  824.00  per  person  in  advance,  826.00  after  April  17,  1992. 

Wednesdny,  May  20 

1904  WORLD’S  FAIR  REVISITED  -  10:00  AJd.  -  3:00  P.M. 

This  tour  offers  yon  the  opportunity  to  spend  the  day  in  Forest 
Park.  St.  Louis’  cultural  center  where  our  city's  science  center, 
history  museum,  zoo.  art  museum  and  the  famous  *Muiiy  Opera* 
theatre  are  located.  It  wax  also  the  site  of  the  1904  World's  Fair, 
one  of  the  most  famous  World  Fairs  ever  held. 

The  first  stop  will  be  the  History  Museum  where  the  history  of 
Miuonri  and  St.  Louis  comes  alive  at  yon  stroll  through  this  museum 
which  houses  collections  on  the  1904  World's  Fair.  Charles 
Lindbergh,  riverboats.  antique  guns,  and  period  costumes. 

You  will  also  have  the  opportunity  to  visit  the  St.  Louis  Zoo 
and/or  the  Art  Mnsenm.  The  Zoo  contains  over  2800  animals  in 
their  natural  setting  and  is  considered  one  of  the  top  zoos  in  the 
United  States.  See  Big  Cat  Country.  The  Jungle  of  the  Apes,  and 
the  newest  addition  to  the  zoo.  *The  Living  World*. 

If  yon  prefer  the  world  of  art.  a  visit  to  the  Art  Mnsenm  may  be 
mots  to  your  liking.  This  impressive  building  tils  atop  Art  Hill  and 
is  guarded  by  a  47-foot  atatne  of  St.  Louis  the  Crusader.  The 
mnsenm  was  the  Fine  Arts  Palace  of  the  1904  World's  Fair,  and  is 
today  considered  among  the  top  ten  art  museums  in  the  country. 
Enjoy  lunch  on  your  own  at  either  the  Painted  Giraffe  at  the  Zoo  or 
in  the  Art  Museum  Cafe.  PRICE:  820.00  per  person  in  advance, 
822.00  after  April  17,  1992. 

Thursday,  May  21 

HISTORIC  ST.  CHARLES  •  10:00  A.M.  •  2:00  P.M. 

This  tour’s  destination  is  historic  St.  Charles,  located  on  the  wide 
Missonri  River.  Founded  in  1769,  it  is  the  oldest  city  on  the 
Missonri  River  sad  was  Missouri's  first  state  capitol  as  well  as  the 
site  of  the  beginning  of  the  Lewis  A  Clark  expedition. 

Enjoy  lunch  on  your  own  in  one  of  the  quaint  restaursais  located 
in  this  unique,  historic  area.  You  will  still  have  lime  to  stroll 
throngh  the  many  craft  and  antique  shops  Ibsl  line  the  cobblestone 
streets  or  relax  in  the  garden  of  one  of  the  small  wineries.  Tonrs 
can  also  be  taken  throngh  Missouri’s  First  Stale  Capitol. 

This  lour  has  been  designed  to  let  you  enjoy  the  ambiance  of  this 
historic  area  at  your  leisure.  PRICE:  819.00  per  person  in  advance, 
820.00  after  April  17,  1992. 

DISCUSSION 

No  recording  will  be  made  of  the  oral  discussions.  Those 
eoatribaliag  to  the  discussion  of  a  paper  and  desiring  their  remarks 
to  bn  published  should  sand  the  discussion  to  the  Publications 
Manager,  JOURNAL  OFTHE  ELECTROCHEMICAL  SOCIETY.  10 
South  Main  Street.  Pennington,  New  Jersey  08S34-2896.  The 
discasaioa  will  then  be  referred  to  the  anlhor  for  a  reply. 
Pxblication  of  the  disensaion  and  the  comments  of  the  aothor(s) 
depends  on  the  pnblieation  of  the  paper  in  the  JOURNAL. 

Written  discuasion  of  a  published  paper  should  be  submitted  within 
two  months  following  the  publication  of  the  article. 

EMPLOYMENT  SERVICES 

There  will  be  a  special  bullclia  board  in  the  Rcgislralioa  Area  for 
employment  posten.  Companies  desiring  to  rsemit  employees  are 
requested  to  place  their  aanonacements  on  this  spn^l  board. 
Please  note  that  thaae  sanonneaments  should  bo  no  larger  than  8 
1/rxll*. 

NOTE 

Photographing  of  sIMsa,  charts,  ate.,  win  be  peraritted  unless 
specifically  prohibited  by  the  speaker.  PHOTO  FLASH  AND 
PHOTO  FLOODS  ARE  PROHIBITED.  TAPE  RECORDINGS. 
EXCEPT  ON  BEHALF  OF  THE  SOCIETY.  ARE  PROHIBITED. 


TECHNICAL  SESSIONS 

MONDAY,  MAY  18, 1992 


10:00 

10:20 

10:40 

11:00 

11:20 

11:40 

2:00 

2:20 

2:40 

3:00 

3:20 

3:30 

3:90 

4:10 


9:00  A.M.  Soetoly  Ptonaiy  Sanion,  Promcnad*  Ballroom  C  and  D.  2nd  Laval.  Tha  Honorable  George 
E.  Brown,  Jr.,  California  State  Rapraaantativa,  will  deliver  The  Electrochemical  Society 
Lecture, '  Government  Initiatives  in  Materials  Science.' 

12:15  P.M.  Physical  Electrochemistry  Division  Luncheon  and  Business  Meeting,  St.  Louis  Ballroom  D 
(Northern  Section),  4th  Level. 

12:15  P.M.  Electronica  Division  Luncheon  and  Business  Meeting,  Rose  Garden,  4th  Level. 

12:19  P.M.  Industrial  Electrolysis  and  Electrochemical  Engineering  Division  Luncheon  and  Business 
Meeting,  St.  Louis  Ballroom  E  (Northern  Section),  4th  Level. 


JOINT  GENERAL  SESSION 
Battary/Energy  Technology 

E.  G.  Gagnon,  Chairman:  A.  R.  Landgrabe,  Vice- 
Chairman 

St.  Louis  Ballroom  D.  4th  Level 

Experimental  Determination  of  the  Transport  Number  of  1 
Water  in  Nation  1179  Membrane  -  T.  F.  Fuller  and  J. 
Newman 

High  Utilization  Gas  Diffusion  Electrodes  for  Proton  2 
Exchange  Membrane  Fuel  Calls  -  E.  B.  Anderson,  E.  J. 
Taylor,  K.  Donohue,  and  N.  R.  K.  Vilambi 
Temperature  and  Pressure  Dependence  of  tha  Electrode  3 

Kinetics  cf  Oxygen  Reduction  at  the  Platinum 
Microelacbode/Nafion  Interface  -  A.  Parthasarathy,  S. 
Srinivasan,  A.  J.  A,.)pleby,  and  C.  R.  Martin 
Spontaneous  Hydrous  Oxide  Formation  on  Platinum  and  4 
Its  Relevance  in  Oxygen  Gas  Reduction  •  L.  D.  Burke,  J. 

K.  Casey,  and  A.  J.  Morrissey 

Eftoct  of  Platinum  Loading  on  Proton  Exchange  5 
Membrane  Fuel  Cell  Performance  •  A.  C.  Ferreira,  S. 
Srinivasan,  and  A.  J.  Appleby 

The  Hydrogen  Diffusion  Porous  Electrode  Catalyzed  by  6 
Tungsten  Carbide  -  Z.-E.  Lu,  A.-P.  Huang,  T.-Q.  Zhong, 
and  G.-N.  Fang 

A.  R.  Landgrebe,  Chairman:  E.  G.  Gagnon,  Vice- 
Chairman 

Optimization  of  Electrode  Structure  to  Further  Minimize  7 
the  Platinum  Loading  in  Proton  Exchange  Membrane 
Fuel  Cells  ■  A.  C.  Ferreira,  S.  Srinivasan,  and  A.  J. 
Appleby 

A  Thin  Film  Solid  Oxide  Fuel  Cell  Prepared  Using  8 
Reactive  DC  Magnetron  Sputtering  -  L.-S.  Wang  and  S. 

A.  Barnett 

Effects  of  a  Sputtered  Film  of  Pt  on  Performance  of  9 
Proton  Exchange  Membrane  Fuel  Cells:  Electrode 
Kinetic  and  Morphological  Characteristics  -  S.  Mukerjee. 

S.  Srinivasan,  and  A.  J.  Appleby 

Mechanism  of  Mixed  Fuel/Oxidant  Solid-State  Thin  Film  10 
Fuel  Cells  -  B.  M.  Coffey,  T.  O.  Poehler  and  P.  C. 
Searson 

Ten-minute  intermission 

New  Aspects  in  the  Development  of  Proton  Exchange  It 
Membrane  Electrolyzers  -  K.  Ledjeff,  F.  Mahlendorf,  and 
A.  Heinzet 

Calorimelric  Concentration  and  Mass  Flow  Monitor  tor  12 
Gas  Phase  Ozone  -  P.  C.  Foller 

SPEFC  Development  at  tha  Centra  for  Electrochemical  13 
and  Energy  Research,  3PIC  Science  Foundation  ■  S. 
Parthasarathy 


OIRCCT  tLICTROCMCMICAL  OXIDATION  OP 
METHANOL  AND  BMALL  ORGANIC  MOLECULES 
Battary/Energy  Teehnolegy/Physlcal  Electrochemistry 

W.  E.  O’Grady,  Chairman;  J.  M.  Fenton,  Vice- 
Chaimtan 

81.  Louis  Ballroom  H,  4lh  Level 
Direct  Electro-OaWallcn  ef  MsBianel  In  Add  Medium  al  19 

an-  -as,m_  -a  »a  _  - a-  _  a - ^  _  aa-a.-s  | - as - 

OTVW  bOw  IPVIBI  * 

J.-M.  Lager,  Q.  MaN,  and  C.  Lamy 


10:35  The  Influence  of  Surface  Acid-Base  Properties  of  Pt/C  20 
Catalysts  on  the  Electrochemical  Oxidation  of  Methanol  - 
A.  S.  Arico,  V.  Antonucci,  P.  A.  Simonov,  P.  L. 
Antonuccl,  and  N.  Giordano 

11:00  Carbon  Supported  Platinum  Alloy  Catalysts  for  Methanol  21 
Oxidation  -  M.  Gauthier,  A.  Gelb,  E.  B.  Anderson,  and  E. 

J.  Taylor 

11:25  Methanol  Oxidation  on  NiTi  -  R.  Manoharan  and  J.  B.  22 
Goodenough 

J.  M.  Fenton,  Chairman:  E.  J.  Taylor,  Vice-Chairman 

2:00  The  Effect  of  Specific  Adsorption  of  Anions  and  Cations  23 
on  the  Kinetics  of  Methanol  Electro-Oxidation  on  Pt 
Single  Crystal  Surfaces  -  P.  N.  Ross  and  N.  Markovic 
2:25  Oxidation  of  Methanol  on  Single  Crystal  Platinum  24 
Electrodes  in  Sodium  Hydroxide  and  Sodium  Carbonate 
Solutions  •  R.  Adzic,  N.  Marinkovic,  A.  Tripkovic,  and  N. 
Markovic 

2:50  Partial  Oxidation  of  Methane  on  YBa,CU|0,  Electrodes  in  25 
a  High  Temperature  Solid-State  Electrochemicai  Cell  -  T. 

M.  Gur,  H.  Wise,  and  R.  A.  Huggins 
3:15  FHtean-minute  Intermission 

3:30  Mathartol  Oxidation  on  Platinum-Tin  Catalysts  Dispersed  26 
on  Poly(3-methyl)thiophene  Conducting  Polymer  ■  S. 
Swathiralan  and  Y.  M.  Mikhail 

3:55  Methanol  Oxidation  on  Novel  Conductive  Polymeric  27 
Porphyrins  -  D.  MacArthur,  E.  Kubaszewski,  J.  Fish,  and 
T.  Malinski 

4:20  Nation  Supported  Catalysts  for  the  Electrochemical  28 
Oxidation  of  Methanol  in  Acid  Media  -  A.  Kowalak,  W. 
O’Grady,  and  D.  Rolison 


NINTH  SYMPOSIUM  ON  PLASMA  PROCESSING 
Dielectric  Science  and  Technology/Elactronics 

T.  O.  Mantel,  Chairman;  S.  Butter,  Vico-Chairman 
Promenade  Ballroom  C,  Znd  Level 

Modeling  and  Mechanisms 

10:00  Feature  Scale  Simulation  ofOxMe  Plasma  Etching -J.P.  62 

MeVittie,  J.  C.  Rey,  and  M.  M.  IslamRaia 
10:20  Use  ef  Overhang  Test  Structure  to  Understand  RIE  Lag  63 
in  Oxide  Etching  -  S-l.  Dohmae  and  J.  P.  McVittta 
10:40  Modeling  of  Plasma  Etching  Reactors  Including  Wafer  64 
Healing  Effects  -  0.  J.  Eeonomou  artd  E.  AydH 
11:00  Optimally  Uniform  ECR  Plasma  Generation  for  Precise  65 
Patterning  -  S.  Samukawa,  T.  Nakamura,  and  A.  Ishitani 
11:20  Variation  of  Ion  Energy  and  Ion  Flux  in  Various  Gas  66 
Plaamae  wHh  1 3.SS  kNtz  Cathode  Coupled  Parallel-Plate 
Plasma  Equipment  ■  S.  Haaaka,  I.  Natori,  T.  Yamashita, 
and  T.  Ohmi 

11:40  Dependencies  ef  Negative  lotM  from  Puisad  Radio-  67 
Frequency  Disehatgee  -  L.  J.  Ovarzat,  L.  Luo,  and  Y.  Lin 

D.  Eeonomou,  Chairman;  S.  V  Nguyen,  VIeo-ChaIrman 

Modeling  and  Moehaniarm  (ooni’d) 

2:00  ELECTROWeS  DIVISION  AWARD  ADDRESS:  Surface  68 
Shidlsa  ef  Reactive  Ion  Etching  Processes  in  Sillcen 
Technelegy:  From  Surface  Damage  to  High-Reaelutlon 
Depth  Prefliing  -  Q.  S.  Oehrlein 


10:10 


MONDAY  CONTINUED 

2:40  Modeling  and  InvMligation  of  RF  Electrical  Signals  from  69 
Nitride  Etch  -  S.  Watts  Butier  and  K.  Branknar 

Diagnostics  and  Measurements 

3:00  In  Situ  Ellipsometry  during  Plasma  Procassing  -  Q.  M.  W.  70 
Kroesen,  G.  S.  Oehrlain,  W.  Fukarek  and  J.  W.  H.  G. 
den  Boer 

3:40  Optical  Emission  Comparison  of  Oxygen  and  71 
Oxygan/Nitrous  Oxide  Plasma  Generated  by  Microwave 
and  Radio  Frequency  Sources  Between  80  and  800  nm  - 
J.  I.  McOmbar,  J.  T.  Davies,  J.  Howden,  and  E.  M. 

Liston 

4:00  Plasma  Diagnostics  for  the  Etching  of  Silicon  Nitride  72 
Thin  Films  Using  Emission  Spectroscopy  and 
Multivariate  Calibration  -  G.  Barna,  B.  Wangmaneerat.  T. 

H.  Niemezyk,  and  D.  M.  Haaland 

4:20  Reactive  Ion  Etch  Process  Parameter  and  Etch  Rata  73 
Estimation  Using  Principal  Comporrant  Analysis  of 
Optical  Emisalon  Spectroscopy  and  Mass  Spectrometry  - 
D.  Angell,  R.  Shadmehr,  P.  B.  Chou,  and  G.  S.  Oehrlain 

4:40  Studies  of  the  Reaction  of  NF,/Ar  and  CjF^O,  Plasmas  74 
with  Arradized  Aluminum  Surfaces  Using  X-Ray 
Photoeiectron  Spectroscopy  -  J.  G.  Langan  and  B.  S. 

Felker 

5:00  Difffacbon  Laser  Endpoint  for  Trench  Etch  Applications-  75 

M.  Birang  and  P.  Ebbing 

5:20  Diagnostics  of  an  ECR  Plasma  Using  the  Langmiur  76 
Probes  -  Y.  Nakagawa,  K.  Ikeda,  and  T.  Tsukada 


SECOND  INTERNATIONAL  SYMPOSIUM  ON 
REOUCEO<THERMAL-BUDGET  PROCESSING  FOR 
THE  FABRICATION  OF  MICROELECTRONIC 
DEVICES 

Dielectric  Science  and  Technology/Electronics 

J  W.  Osenbach.  Chairman:  G.  C.  Schwartz,  Vice- 
Chairman 

St.  Louis  Ballroom  G,  4th  Level 

10:00  Defect-Free  Rapid  Thermal  Processing  •  Z.  Nenyei,  H.  133 
Walk,  and  T.  Knarr 

1 0:20  The  Impact  of  the  Wafer  Back  Side  on  RTA  Processing  -  1 34 

B.  Lojek 

10:40  Oxidation  of  Polyerystalline  Silicon  during  Wafer  Heating  135 
Up  -  K.  Yamabe,  K.  Imai.  J.  Shiozawa,  Y.  Suizu,  and  K. 
Okumura 

11:00  An  Estimation  of  Thermal  Budget  for  Wafer  Cooling  136 
Down  from  Impurity  Diffusion  -  K.  Yamabe,  K.  Imai,  H. 
Kawaguchi,  Y.  Suizu,  and  K.  Okumura 
1 1 :20  Reiiability  Characterization  of  RTO  and  0,-Oiiutod  Thin  137 
Gate  Oxides  -  L.  A.  Fonseca  and  F.  Campabadal 

G.  C.  Schwartz,  Chairman;  J.  W  Osenbach,  Vice- 
Chairman 

2:00  A  Study  of  the  Effect  of  Deposition  Parameters  on  the  138 
Growth  Rates  and  MIcroetructure  of  Silicon 
Homoapitaxial  Films  Grown  by  ArF  Laser-Enhanced 
Chemical  Vapor  Deposition  -  S.  Krishnan,  S.  Lian,  B. 
Fowler,  L.  Jung,  C.  Li,  D.  Samara,  I.  Manna,  and  S. 
Banariae 

2:20  A  Green's  Function  Approach  to  a  Growth  Kinetle  Model  138 
for  Low  Tamparatura  Si  Homoepilaxy  by  ArF  Excimer 
Laser-Enhanced  Photo  Chemical  Vapor  Deposition  Using 
Disllana  -  S.  Lian,  B.  Fowler,  S.  Krishmanan,  L.  Jung,  C. 

Li.  D.  Samara.  I.  Manna,  and  S.  Banerjea 
2:40  A  Novel  Solid  Phaaa  Epitaxy  by  SR  Irradiation  and  Ns  140 
Electricai  Characterization  -  K.  Goto.  F.  Sato.  I.  Fujimoto, 
and  T.  Taibna 

3:00  FHteen-mlnute  Intermission 

3:15  A  Low  Raalitivlty  PolyetWeon  Fflm  Fabricated  with  a  141 
8i,H,fB^  Mfadura  at  3S0%  -  J.  Shiozawa,  K.  Yamabe, 

V.  Kasai,  t.  MtyaaaM,  and  Y.  MHota 

Oepoalllen  and  CharaeterffaMiin  of  Crystalllied  LPCVD  142 
SLFHim  Obtained  by  Low-Tempetabira  Pyrolyals  of 
Dieiiana  -  A.  T.  Voutsas  w<d  M.  K.  HataHs 


3:55  Photo-Enhanced  Reaction  during  Chemically  Vapor-  143 
Deposition  of  Tantalum  Pentoxide  with  Low  Leakage 
Current  -  S.  Tanimoto,  M.  Matsui,  N.  Shibata.  K. 
Kamisako,  K.  Kuroiwa,  and  Y.  Tarui 
4:15  Low-Tharmal-Budgst  Emitter  Formtttion  Using  In  Situ  144 
Phosphorus-Doped  TAS  (Thermally  Deposited 
Amorphous  Silicon  -  H.  Miyata,  A.  Tsukune,  F.  Miano,  Y. 
Furumura,  H.  Tsuchikawa.  A.  Shimizu,  I.  Namura,  and  T. 

Ono 


FIFTH  INTERNA'nONAL  SYMPOSIUM  ON  SlUCON- 
ON-INSULATOR  TECHNOLOGY  AND  DEVICES 
Electronics/Oiaiectric  Science  and  Technology 

W.  Bailey,  Chairman;  G.  W.  Cullen.  Vice-Chairman 
Promsnade  Ballroom  E.  2nd  Level 

Applications  for  SIMOX 

10:00  Introductory  rsmarks 

10:10  Silicon-on-lnsulator  Technology  and  Devices  -  H.  H.  153 
Hosrwk 

10:50  Manufacturing  of  VLSI  CMOS  on  SIMOX  Substrates  -  J.  154 
Yue,  B.  Urke,  J.  Kueng,  R.  Rolsen,  P.  Fechner,  G. 
Dougal,  and  M.  Liu 

1 1 :30  High  Performance  Submicron  CMOS/SOI  for  Logic  and  1 55 
SRAM  Applications  -  N.  Haddad  and  L.  K.  Wang 

J.  Gautiar,  Chairman;  S.  Cristolovsanu,  Vice-Chairman 

Novel  Device  Concepts 

2:05  The  Implementation  of  a  Commercial  Thick  Film  SOI  156 
Procsss  -  K.  Yallup 

2:45  Body-Contacts  for  SOI  MOSFETs  -  M.  MaUoubian  157 

3:15  Ten-minute  intermission 

3:25  A  0.5  i>m  CMOS/SOI  Technology  Using  Accumulation  158 
Mode  Device  Design  -  L.  K.  Wang,  J.  Seliskar,  A. 
Edanfeld,  O.  Spencer,  and  N.  Haddad 
3:45  An  Intelligent  500  V  Power  Vertical  DMOS  on  SIMOX  150 
Substrata  -  F.  Vogt,  S.  Uult»rl»ln.  and  H.  Vogt 
4:05  Parasitic  Capacitances  of  SOI  MOSFETs  -  J.  Chen,  R.  160 
Solomon.  T.-Y.  Chan.  P.  K.  Ko,  and  C.  Hu 
4:25  Transient  BehaviOf  of  SOI  NMOSTs  at  Liquid  Helium  161 
Temperatures  -  C.  Claeys  and  E.  Simoen 


MATERIALS  AND  PROCESSING  ISSUES  FOR 
LARGE  SCALE  INTEGRATED  ELECTRONIC  AND 
PHOTONIC  ARRAYS 

Electronics/Dielectric  Science  and  Technology 

D.  N.  Buckley,  Chairman;  R.  A.  Levy,  Vice-Chairman 
Room  43,  4th  Level 

10:00  Full  Wafer  Technology  for  Large  Scale  Laser  Fabrication  196 
and  Intergration  -  P.  VatUgor,  M.  K.  Benedict,  G.  L. 

Bona,  P.  Buchmann,  N.  Cahoon,  K.  Datwyler,  H.  P. 
Dietrich.  A.  Moaar,  H.  K.  Seitz,  O.  Voegali.  D.  J.  Webb, 
and  P.  Wolf 

10:40  Microlabrication  of  Ultra-Small  Optical  Cavities  -  A.  197 
Scherer,  E.  Yabtonovich.  J.  L.  Jewell.  B.  P.  Van  dsr 
Qaag,  and  E.  D.  Boobe 

11:20  Surface  Emitting  Laser-Lasing  Characteristics  and  Its  108 
Functional  Oparationa  -  F.  Koyama  and  K.  Iga 

N.  Bouadma,  Chairman;  R.  E.  Ensbem,  Vice-Chairman 

2:00  Laser  and  Photorecaivar  Arrays  for  Parallal  Optical  Data  109 
Link  Appticatiorw  -  N.  K.  Dulta  and  P.  R.  Barger 
2:40  An  Individually  Addressed  Dense  102-Laser  Array  -  T.  200 
Kobayaahl,  H.  Narui,  M.  Dehsen,  O.  Malauda,  and  Y. 

Merl 

3:00  Anieebepio  Photo etohlng  of  OaAs  -  E.  Mannheim,  R.  L.  201 
Sard,  and  R.  C.  ANdre 
3:20  Fifteen  minute  Intermission 

3:35  Twe-Dimonalonal  Vertieal  to  Surface  Transmiaslon  202 
Eleetro-PhetonIcDevIca  Array  for  Optical  Inter  eonrrection 
-  K.  Kaaahara 

4:15  Long  Wtovalsnglh  Infrared  12S  x  12S  Sterrlng  Array  from 
AlOaAafOaAs  MuWquantom  Wall  Detectors  -  OroeNh, 
Processing,  and  Array  Pertermanee  -  V.  Swamlnalhan 


3:35 


203 


MONDAY  CONTINUED 

4:55  B*’  Ion  Implantation  in  Ga(AI)Sb  Layart:  Radiation  204 

Oamaga  -  M.  ParoHn,  A.  Pataz,  H.  Luquat,  L.  Qouskov. 
and  A.  Sabir 


SECOND  SYMPOSIUM  ON  THE  PHYSICS  AND 
CHEMISTRY  OF  SiO,  AND  THE  SI-SIO,  INTERFACE 

Elaetronica/Dialacbic  Seianea  and  Taehnology 

E.  A.  Irana,  Chairman;  M.  Hirota,  Vica-Chairman 
Protnanada  Ballroom  F.  2nd  Laval 

Tharmal  Oxidation  Machanismi  and  Modaling 

10:00  Silicon  Oxidaa  and  Silicon  Oxidation  -  A.  M.  Stonaham  210 
10:30  Uaa  of  "O  Labaling  to  Study  Qrovwth  Machanisma  in  Dry  211 
Oxidation  of  Silicon  -  I.  Trimailla.  J.-J.  Ganam,  S.  Rigo, 

S.  I.  Raidar,  and  N.  A.  Panabra 

10:50  SbainDapandant  Diffusion  during  Dry  Tharmal  Oxidation  212 
of  Ciystailina  Si  •  C.  H.  Bjorkman  and  Q.  Lucovtky 
11:10  Oxidation  of  Silicon  in  Oxygan:  Maasuramant  of  Film  213 
Thicknass  and  Kinatics  -  S.-C.  Kao  and  R.  H.  Doramus 
11:30  Modaling  Procast-Dapandant  Tharmal  Silicon  Oioxida  214 
(SiOJ  Films  on  Silicon  -  H.  Wai.  A.  K.  Hanning.  J. 
Slinkman.  and  J.  Rogars 

S.  Rigo.  Chairman:  B.  E.  Oaal,  Vica-Chairman 

Noval  Oxidation  Mathods  and  Charactarization 

1:45  Naw  Approach  to  Chamically  Enhancad  Oxidation  -  A  215 
Raviaw  •  R.  J.  Jaccodina 

2:15  Kinabcs  of  Oxidation  of  Silicon  by  Elacbon  Cyciotron  215 
Rasonanca  Plasma  -  J.  Josaph 

2'3S  Machanisms  of  Oxidation  Rata  Enhancamant  in  217 
Nagativa-Point  Oxygan  Corona  Oischarga  Procassing  of 
SiO,  Fiims  on  Si  -  L.  M.  Landsbargar 
2:55  High  Prassura.  Low  Tamparatura  Oxidation  of  Si,  ,Ga,:  215 

Promisa  tor  MOS-Qumlify  PaulvMon  -  C.  Caragianis,  Y. 
Shigasato,  and  D.  C.  Paina 
3:15  Tan-minuta  intarmission 

3:25  A  Naw  Ellipsomatry  Tachniqua  for  Intarfaca  Analysis:  219 
Application  to  Si-SiO,  -  E.  A.  Irana  and  V.  A.  Yakovlav 
3:55  Infrarad-Dichioism  on  a  Thin  Silicon  Oxida  Layar  -  S.  220 
Fujimura.  K.  Ishikawa,  and  T.  Ogawa 
4:15  Daconvolution  of  Thicknass-Avaragad  Sbuctural  and  221 
Optical  Propartias  of  Tharmally  Grown  and  RPECVO  SiO, 

Films  •  C.  E.  Shaaron,  Jr.,  C.  H.  Bjorkman.  and  G. 
Lucovsky 

4:35  TEM  Invastigations  of  tha  Oxidation  Kinatics  of  222 
Amorphous  Silicon  Films  -  M.  Raichs 


FRACTALS  IN  ELECTROCHEMISTRY 
Energy  Tachnology/Physical 
Elscbochamisiry/Corrosion 

J.  H.  Kauhnan.  Chairman;  M.  Tomkiawicz.  Vica- 
Chairman 

Room  46.  4lh  Laval 

10:10  Introductory  rsmarks  by  M.  Tomkiawicz 
10:15  Efisets  of  Anisolropy  on  Paiism  Formation  in  305 
Elacboehamical  DapoaMen  -  F.  Family  and  K.  C.  B. 

Chan 

10:35  Inlartoeiai  Dynamics  and  Inducad  Convoctlva  Transport  300 
In  Elaettodapoaitton  -  D.  P.  Barkay 

10:35  DMUaion  to  PaBsmod  Elaettodas  -  Y.  Dasaas  and  P.  310 
Duby 

11:15  Elsebo-Convoelton  Around  Two-Dimanslonal  Ramlllad  311 
Copper  Aggragatoa  -  V.  Floury.  J.  N.  ChazahrM  and  M. 

Nomo 

11:35  Elsetroehsmieal  Aapaets  of  Fractal  Zinc  312 
EtoebodaposMen  -  F.  Saguas.  J.  ClaraL  L.  Lepaz- 
Temaa.  J.  Mach.  F.  Mas,  and  P.  P.  Triguaroa 

B.  Sapaaal.  Chairman;  T.  Pajhaasy,  Vlea-Chairman 

2:00  Marphatogy  TransHtona  In  Rapid  ElaebodapaalBao  -  L.  313 
M.  Sander 


2:20  Columnar  Growth  and  Kinatic  Roughening  in  314 
Elacboehamical  Daposition  -  P-z.  Wong,  G.  L.  M.  K.  S. 
Kahanda,  X-q.  Zou,  and  R.  Farrsll 

2:40  Evidancs  for  a  Kostsriitz-Thoulass  Transition  in  the  315 
Threshold  Scraaning  Modal:  Critical  Region  of  Fractal 
Growth  -  J.  H.  Kaufman  and  O.  R.  Malroy 
3:00  Probing  Elacbocrystallization  Mechanisms  of  Molecular  31 6 
Solids  -  A.  C.  Hilliar  and  M.  D.  Ward 
3:20  Fiftaan-minuta  intarmission 

3:35  MuHifraetal  Fluctuations  in  Diffusion  in  Disordered  317 
Systems  -  S.  Havlin 

4:00  Fractals  in  Elacboehamical  Photovoltaics  -  A.  J.  McEvoy  318 
and  M.  Qratzal 

4:20  Morphology  and  Kinatics  of  Fractal  Growths  -  0.  B.  319 
Hibbart  and  S.  N.  Atchison 

4:40  Photocatalysis  on  Porous  Substrates  -  M.  Tomkiawicz  320 
and  H.  Wang 

SYNTHESIS  AND  PROCESSING  FOR  HIGH- 
TEMPERATURE  MATERIALS  IN  THE  YEAR  2000 

High  Tamparatura  Matarials/Dialactric  Science  and 
Technology 

J.  B.  Wagner,  Jr.,  Chairman:  M.  D.  Allandorf,  Vice 
Chairman 

Promenade  Ballroom  A.  2nd  Laval 
10:30  Inboduetory  remarks 

10:40  Materials  Research  in  tha  U.S.:  Tha  Davalopmant  of  a  341 
National  Aganda  -  L.  H.  Schwartz 

11:20  Expanding  Horizons  for  Chemical  Vapor  Daposition  342 
Synthesis  -  K.  E.  Spear 

J.  Dismukas,  Chairman;  S.  C.  Singhal,  Vica-Chairman 

2:00  Chemical  Vapor  Deposition  Process  Aspects  for  tha  Year  343 
2000  -  J.-O.  Carlsson 

2:40  Computational  Analysis  of  Fluid  Flow  and  Chemical  344 
Kinetics  in  Chemical  Vapor  Daposition  -  R.  J.  Kaa,  G.  H 
Evans,  and  M.  E.  Coltrin 
3:20  Tan-minuta  intarmission 

3:30  Procassing  and  Fabrication  of  Ceramic  Composites  in  345 
tha  21st  Century  -  R.  W.  Rica 

4:10  Chemical  Vapor  InfiHration  -  T.  M.  Basmann.  D.  P.  346 
Stinton,  and  R.  A.  Lowdan 

4:50  High-Taeh  Fibers  -  G.  G.  Tibbetts  347 

ELECTROCHEMISTRY  IN  MINERAL  AND  METAL 
PROCESSING  III 

Indusbial  Elacbolysis  and  Elacboehamical  Engineering 

R.  Woods,  Chairman;  I.  Iwasaki.  Vica-Chairman 
St.  Louis  Ballroom  A,  4th  Laval 

10:00  Raquirements  for  Indusbial  Collactorlass  Flotation  -  N.  356 
Arbiter  and  J.  E.  Gabhardt 

10:30  Surface  Elacbon  Sbucturas  of  Galana  and  Pyrita  Related  357 
to  Collactorlass  Flotation  -  S.  Sun.  D.  Wang,  and  B.  Li 
11:00  Elacboehomical  Aspects  of  Cast  Iron  Grinding  Madia  358 
Wear  and  Its  Effaet  on  Flotation  -  I.  Iwasaki  and  V. 
Rajagopal 

11:30  An  Elacboehomical  Study  of  SuHida  Mineral-Grinding  369 
Medium  Contact  and  Its  Ralovanca  to  Flotation  -  X.  Li 
and  I.  Iwasaki 

G.  H.  Kalsall,  Chairman;  D.  R.  Nagaraj,  Vice-Chairman 

2:00  Mechanism  of  Thionoearbamata  Interaction  in  Flotation  370 
Systems  -  R.  H.  Yoon  and  C.  I.  Basilio 
2:30  The  Rola  of  Pulp  Rodox  Potentials  and  Modifiars  in  371 
Comptox  SuMda  FtotaUon  wHh  Dithlophosphinatas  -  A. 
Gotkan,  D.  R.  NagaraJ,  and  P.  J.  Rieeio 
3:00  Tha  Maehanism  of  SuHIda  Daprossion  with  372 
Funetionaliaad  SynthaUc  Polymars  -  D.  R.  Nagaraj,  C.  S. 
BaaNlo.  and  R.  H.  Yoon 
3:30  FUtoan  minute  Intormiasion 

3:48  Intoraegon  of  EBiyl  Xanthato  adlh  SUvar  aruf  Sllvar/Oold  373 
Alloys  -  R.  Woods.  C.  I.  BasWo,  D.  S.  Kim.  and  R.  H. 

Yoon 

4:15  Intarpratollon  of  Elsebodo  Rssponsss  wHh  tha  Help  of  374 
a  Mutthrariala  Tachniqua  -  B.  I.  Paissen  and  E.  Obarg 


MONDAY  CONTINUED 

INDUSTRIAL  ELECTRO-ORQANIC  PROCESSES 
Induitfial  Elactrolyti*  and  Elnetrochamical  Enginaaring 

P.  N.  Pintauro,  Chairman;  C.  King,  Vica-Chairman 
Promanada  Ballroom  B,  2nd  Laval 

2:00  Organic  Elaetroaynthatia  at  Extandad  Araa  Nickal  401 
Elactrodaa  -  C.  J.  Browm  and  D.  Platehar 
2:25  Oxidation  of  Mathanol  on  a  Matailizad  Polymar  402 
Elactrolyta  Mambrana  -  R.  Liu  and  P.  Padkiw 
2:50  Tha  Elaetroeatalytie  Hydroganation  of  Soybaan  Oil  -  G.  403 
Yutam  and  P.  N.  Pintauro 
3:15  Tan-minuta  intarmiaaion 

3:25  Diract  and  Indiract  Elactrochamical  Epoxidation  of  404 
Olafina  in  a  Siava  Plata  Raactor  -  C.  F.  Oduoza  and  K. 

Scott 

3:50  A  Compariaon  of  Soma  Inaolubla  Oxida  Catalyata  in  tha  405 
Elactro-Oxidation  of  Thioathara  in  Aquaoua  Surfactant 
Suapanaiona  -  T.  C.  Franklin,  R.  Nnodimala,  and  R.  C. 

Duty 

4:15  Elactrochamical  Oxidation  of  Organic  Pollutants  for  406 
Wasta  Watar  Traatmant  -  Ch.  Comninallia 
4:40  Proton-Exchanga  Mambrana  Raactor  for  Removal  of  407 
Organic  and  Bacterial  Contaminants  from  Reclaimed 
Watar  -  L.  M.  Kaba,  S.  Srinivasan.  A.  J.  Appleby,  G.  0. 
Hitchens  and  O.  J.  Murphy 


GENERAL  SESSION 
Physical  Elactrochamistry 

B.  E.  Conway,  Chairman:  R.  P.  Buck,  Vica-Chairman 
Room  26,  2nd  Laval 

1 0:00  Tha  Effect  of  Solvent  on  tha  Simultaneous  Adsorption  of  447 
Anions  and  Cations  -  M.  Anbu  Kulandainathan  and  S. 
Vankatakrishna  Iyer 

10:30  Manipulation  of  Double  Layer  in  Metal  Insulator  448 
Elactrolyta  ■  K.  Ghowti 

1 1 :00  Molecular  Recognition  at  Interfaces:  Spacific  Binding  of  440 
an  Elactroactive  Tatrathiafulvalana  (TTF)  Derivative  to 
Organosulfur  Monolayers  by  Hydrogen  Bonding  •  L.  M. 
Frostman  and  M.  D.  Ward 

11:30  Kinetics  of  Electron  Hopping  in  Langmuir  Monolayers  at  450 
tha  Air/Watar  Interface  -  M.  Majda.  0.  H.  Charych,  and 
J.  T.  Orr 

R.  P.  Buck,  Chairman:  B.  E.  Conway.  Vice-Chairman 

2:00  Effects  of  Monosubstitutad  Phenol  Additives  on  tha  451 
Conductivity  of  Elactrochamically  Synthesized 
Polypyrrola  -  M.  Fukuyama.  N.  Nanai.  T.  Kojima.  Y. 
Kudoh,  and  S.  Yoshimura 

2:30  Impedance  and  Voltammatric  Characterization  of  452 
Elactrochamically  Dapoaitad  (Poly)anilina  Conducting 
Films  -  P.  Vanysak  and  G.  Sandi 

3:00  A  Cathodically  Polymarizad  Binuclaar  Cobalt  Complex  453 
and  Its  Elaetroeatalytie  Reduction  of  Carbon  Dioxide  ■  X. 

Ran.  S.  K.  Mandal,  and  P.  Pickup 
3:30  FIflaan-fflInuta  intarmiaaion 

3:45  Tha  Elactrochamical  Reduction  of  CO,  on  Ag  and  Au  454 
Elactrodas:  The  Effect  of  Trace  Impurities  -  R.  Kostacki. 

P.  Kadziarzawski,  and  J.  Augustynski 
4  1 5  Radox  Potential  of  N-Haxadacyl-N -Mathyl  Viologan  455 

Solubilized  in  CalyltrimathylammoniumChlorida  Micella  - 
C  -W.  Lae  and  M.-K.  Oh 


MICROMORPHOLOOY  IN 
ELBCTROCRYSTALUZATION 
Physical  Elaetroehamistry/Elaclrodaposition 

T.  Hapal,  Chairman;  Q.  Whitnay.  Vica-Chairman 
St.  Louis  Ballroom  F,  4lh  Laval 

10:00  Introductory  ramarks  by  T.  Hapal 

10:10  Study  of  UnMiraellenal  Cryalallizaillon  of  1-D  Ouanlum  405 
Conduetoca  -  A.  R.  Hillman.  D.  C.  Lovaday,  and  M.  Hapal 
10:38  Elaetrodapealllon  of  EpHaxlai  Films  of  Ao(Ag,OJ,NO,  -  406 

B.  E.  Braytogla  and  J.  A.  SwHasr 
1 1 :00  Tan-minuto  tnlarmisaien 


11:10  In  Situ  Characterization  of  p-Typa  Copper  Thiocyanate  407 
Films  by  Raman  Spacboalactrochamistry  -  Y.  Son.  N.  R. 
da  Taeconi,  and  K.  Rajeshwar 

11:35  Electrochemical  Arehitactura  of  Nanomodulatad  Ti-Pb-O  468 
Suparlattieas  -  J.  A.  Switzer,  R.  J.  Phillips,  and  R.  P. 
Raffaalla 

A.  R.  Hillman,  Chairman:  G.  Whitney,  Vica-Chairman 
2:00  Introductory  ramarks  by  A.  R.  Hillman 

2:05  Elactrosynthssis,  Characterization,  and  Modeling  of  469 
Highly  Efficiant  Polyryrrola/Pt  Nanocomposita  Catalysts  - 

C.  S.  C.  Bose,  C.  C.  Chan,  and  K.  Rajashwar 
2:30  Elactrodaposition  of  Metals  on  Polypyrrola  Coated  470 
Au/Quartz  Piazoalactrodas  -  M.  Hapal,  S.  Perkins,  and  T. 

Hapal 

2:55  Localized  l/V  and  l/Z  Measurements  on  Conducting  471 
Poly-n-mathyl  Pyrrole  Thin  Films  Parformad  with  a 
Scanning  Tunneling  Microscope  -  S.  Craagar 
3:20  Fiftaan-minuta  intarmisssion 

3:35  Factors  Affecting  Elactrochamical  Metallization  of  472 
Insulating  Subsbatas  Pracoatad  by  Conducting  Polymar 
Films  -  F.  A.  Uribe,  A.  J.  Rudga,  and  S.  Gottasfald 
4:00  Whan  Anodic  Polymerization  of  Dibanzo-18-Crown-O  473 
Loads  to  a  New  Artifical  Mambrana:  Changes  of 
Micromorphology  upon  Different  Modes  of  Doping  -  J. 
Simonat,  J.  Rault-Barthalot,  V.  Quastaigne,  and  L. 
Angaty 

4:25  Formation  and  Ramoval  of  p-SnS  Patterns  and  474 
Characters  on  Transparent,  Conductive  Oxida  Glass  by 
Mask-Dafinad  Photoatactrodaposition  and  Dissolution  - 
R.  D.  Engalkan,  C.  Brinkley,  L.  N.  Chang,  and  L.  Yu 

FULLERENES;  CHEMISTRY.  PHYSICS  AND  NEW 
DIRECTIONS 

Physical  Elactrochsmistry/Dialactric  Science  and 
Technology /Electronics 

R.  S.  Ruoff,  Chairman:  P.  Ekiund,  Vice-Chairman 
St.  Louis  Ballroom  C,  4th  Laval 

10:00  Tha  program  and  abstracts  will  be  published  in  tha  April 
issue  of  the  Journal  and  included  in  tha  program  booklet 
distributed  at  tha  Meeting. 

K.  Kadlsh,  Chairman:  R.  Malhotra.  Vica-Chairman 

2:00  Tha  program  and  abstracts  will  be  published  in  tha  April 
issue  of  tha  Journal  and  included  in  tha  program  booklet 
distributed  at  tha  Meeting. 


EIGHTH  INTERNATIONAL  SYMPOSIUM  ON  MOLTEN 
SALTS 

Physical  Elactrochamistry/High  Temperature  Materials 

Q.  Mamantov,  Chairman;  D.  Newman,  Vica-Chairman 
St.  Louis  Ballroom  B.  4lh  Laval 

10:00  On  Charging  Palladium  in  an  AI/LiCI-KCI  Eutactic,  482 
Excess  LiH(D)/Pd  Call  -  B.  Y.  Liaw,  P.-l.  Tao,  and  B.  E. 
Liabart 

10:30  Structure  of  Mohan  Iron  Chloride  -  D.  L.  Price,  M.-L.  483 

Saboungl,  S.  C.  Moss,  and  S.  Hashimoto 
10:50  Electronic  Conduction  In  Molten  KBr-K  Solutions -Q.M.  484 

Haarbarg  and  J.  J.  Egan 

11:10  Electronic  Polarizabllltlas  of  LiCI-CsCI,  Lil-KI  and  Lll-Csl  485 
Binary  Malts  -  M.  Endo,  Z.  Hongmin,  Y.  Sato,  and  T. 
Yamamura 

11:30  Computer  Assisted  Data  Acquisition  and  Analyses  of  480 
Brillouin  Spaeba  of  ZnCI,  Single  and  ZhCI,-NaCI  Binary 
Malts  -  Z.  Hongmin,  Y.  Sato,  T.  Yamamura.  and  K. 
Sugimoto 

11:50  Preparation.  Vapor  Pressure,  and  Thermochemistry  of  487 
nn(ll)  Bromida  -  T.  R.  Brumlava.  S.  R.  Walston.  S.  A. 
Mucklajohn.  and  N.  W.  O'Brien 

D.  Newman,  Chairman;  G.  Mamantov,  Vica-Chairman 

2:00  Davalepmant  of  Raman  Spaetroacopie  Sensors  for  tha  488 
Datormination  of  Magnesium  in  a  Moltan  Salt  System  - 
a.  Mamantov.  S.  Dal,  O.  M.  Begun,  J.  P.  Young,  and  J. 

E.  CoffiaW 


MONDAY  CONTINUED 

2:20  Structural  Propcrtim  of  Zinc  Halid*  Melts  ■  E.  A.  489 
Pavlotou  and  Q.  N.  Popathaodorou 
2:40  Structural  Invastigation  of  Molten  Lithium  Bromide  -  S.  490 
Itoh 

3:00  Us*  of  Raman  Spactroacopy  for  Determining  the  491 
Cotroaion  of  Ceramics  in  Molten  Fluorides  -  C.  G. 
Kontoyonnis  and  N.  S.  Tziafos 

3:20  Raman  and  Infrared  Spectroscopic  Studies  of  the  492 
Platinum  Electrode-Molten  Nitrates  Interface  -  M.  M. 
Gaphurov,  and  V.  D.  Prisyaznhyi 
3:40  Tan-minute  intermission 

3:90  Selectiv*  Precipitation  of  Oxide  Superconductors  from  493 
Molten  Hydroxide  and  Molten  Nitrate  -  A.  M.  Stacy,  S.  L. 

Stoll.  L.  N.  Marquez,  and  S.  W.  Keller 
4:10  A  New  Series  of  Complex  Metal  Oxides:  Crystallization  494 
of  AB,MO,  (A  =  Na,  Li;  B  =  Ba.  Sr;  M  =  Bi.  Sb)  from 
Hydroxide  Melts  -  V.  A.  Carlson  and  A.  M.  Stacy 
4:30  Investigation  of  a  Molten  Salt  Extraction/Electrolysis  495 
Process  for  Converting  llmenit*  to  Iron  and  a  High 
Grad*  TiO,  Feedstock  -  K.  J.  Leary 
4:50  New  Principles  for  the  Processing  of  Carnallitites  in  the  496 
Domain  of  Molten  Salt  Hydrates  -  H.-H.  Emons  and  T. 
Fanghanel 


ELECTROCHEMICAL  SENSORS  IN  MEDICAL 
SCIENCE 
Sensor 

D.  Belanger.  Chairman;  D.  J.  Harrison.  Vice-Chairman 
Si.  Louis  Ballroom  E,  4lh  Level 

10:10  Introductory  remarks  by  D.  J.  Harrison 
10:15  Development  of  on  Implantable  Glucose  Sensor  -  G.  S.  544 
Wilson.  Y.  Zhang.  D.  Moatti-Sirat.  V.  Poitout.  G.  Reach, 
and  D.  R.  Thevenot 


10:40  Permeability  of  Qlucosa  and  Other  Neutral  Molecules  in  545 
Nafion  Films  Cured  at  25*  and  120*%  -  J.  0.  Harrison 
and  Z.  Fan 

11:00  Amperomatric  Glucose  Sensors  Based  on  Glucose  548 
Oxidase  Immobilized  in  NafionA  -  T.  A.  Zawodzinski,  Jr.. 

S.  Gottesfeld,  and  J.  Rishpon 

1 1 :20  Development  of  a  Transdermal  Electrochemical  Sensor  547 
for  the  Continuous  Monitoring/Recording  of  Alcohol 
Vapor  -  L.  Swette,  N.  Kackley,  A.  B.  LaConti,  and  R.  M. 

SwHt 

11:40  Progress  In  the  Development  of  Amperomatric  Sensors  548 
for  Measuring  the  Partial  Pressure  of  Oxygen  in  Blood  - 
J.  S.  Foos 

D.  J.  Harrison,  Chairman;  K.  Seiler.  Vice-Chairman 

2:00  Moving  Sensors  from  the  Journal  to  the  Clinical  Lab:  549 
Some  Real  World  Consideration  -  R.  W.  Mason 

2:20  Improved  Adhesion  of  Hydrophilic  Membranes  on  Planar  550 
Silicon  Based  Oxygen  Sensors  -  E.  Aw,  J.  Lee,  C.-Y.  Aw, 
and  J.  C.  Patton 

2:40  A  Thin  Platinum  Island  Film  Glucose  Sensor  -  B.  551 
Kosapbasioglu,  P.  J.  Heskath.  W.  C.  Hanly,  and  J. 
Maclay 

3:00  Evaluation  of  Sensing  Surfaces  for  Use  in  LAPS-Basad  552 
Biosensor  Devices  -  L.  Bousse.  B.  van  der  Schoot,  and 
N.  F.  d*  Rooij 

3:20  Ten-minute  intermission 

3:30  Design,  Fabrication  and  Testing  of  Fiexible  Ion  553 
Microsensors  for  Cardiovascular  Applications  -  R.  P. 

Buck,  E.  Lindner.  V.  V.  Cosofret,  R.  P.  Kusy.  T.  A. 
Johnson,  and  M.  P.  Neuman 

4:00  Measurement  of  Guinea  Pigs  Heart  Intracellular  554 
Potassium  Ion  Concantration  with  Potassium 
Microelectrodes  -  Y.  M.  Liu.  Z.  Q.  Huang,  J.  S.  Xiao,  and 
S.  Z.  Yan 

4:20  Carrier  Based  Optodas  -  K.  Seiler  and  W.  Simon  555 

4:40  Towards  Reversibla  Sensors  Based  on  Photochemical-  5547 
Eleebochemical  Switching  -  M.  J.  Preigh  and  S.  G. 

Weber 


TUESDAY,  MAY  19, 1992 


12:19  P.M.  Annual  Society  Luncheon  and  Business  Meeting,  Rose  Garden,  4th  Level. 

4:30  P.M.  Awards  and  Recognition  Session.  Promenade  Ballroom  C  and  D,  2nd  Level.  Ernest  B. 

Yeager  wilt  deliver  the  Vittorio  d*  Nora  Award  Address.  ‘Opportunities  for  O,  Cathodes  in 
Batteries.  Fuel  Cells,  and  Industrial  Electrolytic  Processes. 


JOINT  GENERAL  SESSION 
Battery/Energy  Technology 

E.  G.  Gagnon.  Chairman;  A.  R.  Landgrebe,  Vice- 
Chairman 

St.  Louis  Ballroom  D.  4th  Level 

9:00  A  Model  for  the  Delhrerabl*  Capacity  of  the  TiS,  14 
Electrode  in  a  Li/TiS,  Call  -  Z.  Mao  and  R.  E.  Whit* 

9:20  The  Rechargeable  Li,TiS,/LIAICI^i,  ,CoO,  Solid-State  15 
Cell  -  W.  K.  Behl.  E.  J.  Plichta,  D.  Vujic.  H  S.  W.  Wang, 
and  D.  M.  Schleich 

9:40  Electrochemical  Properties  of  Polyonilln*  and  10 
Subatituled  Derivatives  -  P.  V.  Madsen,  T.  O.  Poehler.  J. 

Qopol,  D.  O.  Cowan,  and  P.  C.  Seorson 
10:00  Ten-mlnut*  intermission 

10:10  Investigations  on  a  Novel  Zn/KOH/DDH  Primary  Celi  17 
System  -  R.  Udhayon,  D.  P.  Bhatt,  and  P.  B.  Molhur 
10:30  Low  Temperature  Removal  of  Hydrogen  SuMd*  from  IS 
Sour  Gas  and  Ha  Utilization  for  Hydrogen  artd  Suifrir 
Production  -  K.  M.  Petrov,  S.  Srinlvaaon.  and  A.  J. 
Appleby 

OtmCT  BLICTHOCHIMtCAL  OXIDATION  OP 
MCTNANOL  AND  BNIAU  OHOAMC  MOLECULES 
BaOery/Energy  Teehnology/Physieal  Electroehemistry 

P.  Roes.  Jr,  Chairman:  W.  E.  O’Grady,  Vlea-Chairman 
St.  Leula  Ballroom  H,  4lh  Level 


8:30  In  Srtu  FTIR  Characterization  of  Electrocatalysts  for  the  29 
Oxidation  of  Methanol  -  W.  Vielstich,  T.  Iwosita,  F.  C. 

Natl,  and  B.  Lopez 

8:55  Adsorption  and  Electro-Oxidative  Pathways  for  Small  30 
Organic  Molecules  on  Gold  and  Trimsition-Metal-Coated 
Gold  Electrodes  as  Probed  by  Real-Time  Surface- 
Enhanced  Raman  Spectroscopy  -  Y.  Zhang  and  M.  J. 

Weaver 

9:20  Variable  Angle  In  Situ  FTIR  Reflectance  Spectroscopy  of  31 
High  Surface  Area  Electrodes:  A  New  Method  for 
Studying  Electrocatalytic  Systems  -  P.  W.  Faguy 
9:45  In  Situ  Infrared  and  Electrochemical  Studies  of  the  32 
Oxidation  of  Ethylene  on  Single  Crystal  and 
Polycrystolline  Platinum  Electrodes  -  Q.  Zhao  and  E.  B. 
Yeager 

10:10  Application*  of  Real-Time  Infrared  Spectroscopy  to  33 
ElectrocatalysisatBimetallic Surfaces:  Electro-Oxidation 
of  Ethylene  Glycol  on  Bismuth-Modified  Pt  (111)  -  X. 

Jiang  and  M.  J.  Weaver 
10:35  Ten-minute  intermission 

10:45  Potential  Step  and  NMR  Invastigation  of  the  Oxidation  34 
and  Adsorption  of  Methanol  on  Platinum  Surfaces  -  A. 
WIeekowski,  K.  Franaszezuk,  P.  SIszak,  C.  K.  Rhea,  and 
P.  Zetenay 

11:10  XAS  Studies  of  UPO  Melal/Pt  Electrocatalysts  -  J.  35 
McBreon 

11:35  Ptemonetayar  Formation  of  Active  Oxides  and  the  Role  30 
of  ttia  Latter  In  the  Oxidation  of  Small  Organic  Molaculas 
-  L.  D.  Burke,  0.  T.  Buckley,  and  J.  K.  Casey 


TUESDAY  CONTINUED 

V.  J«lan,  Chairman:  W.  E.  O’Grady,  Vica-Chairman 

2.00  Diract  Mathanol  Fual  Calls  with  Aquaous  Carbonate  37 
Elactrolytas  -  E.  J.  Cairns.  F.  R.  McLarnon,  and  B.  R. 

Rauha 

2:25  A  Mathanol-Aquaous  Carbonata  Fual  Call  -  J.  A.  Kosak.  38 
S.  Sarar>gapani.  and  J.  Qinar 
2:50  Tan-minuta  intarmission 

3:00  Oiraet  Elactiochamical  Oxidation  of  Mathanol  Vapor  on  39 
Au-FEM  Elaelroda  -  A  S  Lin  and  W.  E  O'Grady 
3  25  Mathanol  Elaetro-Oxidation:  Problams,  Prograss,  and  40 
Proapacts  -  S.  Mukarjaa,  S.  Srinivasan,  and  A.  J. 
Applaby 


CATHODIC  PROTECTION  SYSTEMS 
Corrosion/Industrial  Elactrolysis  and  Elactrochamical 
Enginaaring 

K.  Nisancioglu.  Chairman:  R.  E.  Whita,  VIca-Chairman 
Room  20,  2nd  Laval 

9:00  Influanca  of  AI,Fa  Intarmatallic  Inclusions  on  54 
Oapassivation  of  AI-6081  Alloys  -  C.-H.  Paik  and  R.  C. 

Alkira 

9:20  Oxygon  Raducbon  on  Staal  in  Basic  Aquaous  Solution  55 
with  Ralavanca  to  Disbonding  of  Coatings  from 
Cathodically  Protactad  Staal  -  0.  Garvasio  and  J.  H. 

Payor 

9:40  Formation  of  Calcaraous  Daposits  on  Cathodically  50 
Protactad  Staal  in  Saawatar  -  R.  E.  Whita,  J.-F.  Yan,  T. 

V.  Nguyan.  and  R.  B.  Griffin 

10  00  Soma  Rasults  of  Cathodic  Polarization  Exparimants  -  M.  57 
da  Lourdas,  M.  Magalhaas,  and  L.  Sathlar 
10:20  Tan-minuta  Intarmission 

10:30  Gradad-Mash  and  Adaptiva-Mash  Finita  Elamant  58 

Mathods  in  Elactrochamical  Systems  -  S.  Crockatt  and 

W.  H  SmyrI 

10  50  Cathodic  Protaetion  Dasign  with  Tima-Oapandant  59 

Boundary  Conditions  ■  K.  Nisancioglu  and  P.  O. 
Gartland 

11  10  Boundary  Elamants  Applied  to  Dynamic  Simulation  of  50 

Cathodic  Protection  Systems  -  J.  A.  F.  Santiago,  J  C.  F 
Tallas,  W.  J.  Mansur,  and  L.  Sathlar 
1 1  30  Numerical  Simulation  of  a  Wat  Christmas  Tree  Cathodic  31 
Protection  System  •  J.  C.  F.  Tallas.  W  J  Mansur.  J.  A. 

F.  Santiago.  S.  L.  Dalarua.  and  W.  Baptists 
11:50  Closing  remarks 


MICROMACHININO  AND  MICROSTRUCTURES 
New  Technology  SubcommHtao/ 
Sansor/Elactronics/Dialactric  Science  and  Technology 

H.  F.  Gray,  Chairman:  J.  N.  Zamal,  Vice-Chairman 
Room  29.  2nd  Laval 

2:00  The  program  and  abstracts  will  be  published  in  the  April 
issue  of  the  JourntI  and  included  in  the  program  booklet 
distributed  at  the  Meeting. 


NINTH  SYMPOSIUM  ON  PLASMA  PROCESSING 
Dialaetric  Science  and  Tachnology/Elactronics 

Q.  S.  Oahrlain.  Chairman:  S.  J.  Fonash.  Vica-Chairman 
Promanada  Ballroom  C.  Znd  Laval 

Diagnoatles  and  Maasuramants  (eont'd) 

9:00  Elaetrical  Maasuramant  of  Etching  Paramatars  in  an  77 
Oxida  RIE  System  -  S.-l.  Oohmaa  and  J.  P.  McVlltls 

Oovlea  Damaga 

9:20  QMo  Oxida  BraaMown  Phanomana  in  Magnetron  78 
Plasma  -  M.  SaMrw,  K.  Horioka,  H.  Okano.  Y. 
Malsunaga,  T.  Malstishila,  K.  Hishioka.  md  Y.  Yoshida 


10:00  Gats  Edge  Effects  on  Oxida  Damage  during  Polycida  79 
Etching  -  C.  Gabriel 

10:20  Spectroscopic  Ellipsomstry  and  Schottky  Barrier  80 
Characterization  of  RIE  Exposures  of  Thin  Si-SiO, 
Structures  Exposed  to  Poly-Si  Ovaratch  -  T.  Gu,  R.  A. 
Ditizio,  R.  W.  Collins,  S.  J.  Fonash,  J.  F.  Rembatski,  and 

X.-C.  Mu 

10:40  A  Modal  for  Thin  Oxida  Damaga  in  Nonuniform  81 

Discharges  -  S.  Fang  and  J.  P.  MeVittia 
1 1 :00  Ion  Bombardment  Effects  on  Silicon  Surface  Properties  82 
in  Plasma  Etching  -  G.  S.  Oahrlain,  D.  Vender,  and  Y. 

Zhang 

11:20  Reactive  Ion  Etch  Induced  Device  Characteristics  83 

Changes  in  Thin  Film  Transistor  -  Y.  Kuo 
11:40  Assessment  of  the  Effects  of  Magnetic  Field  Strength  84 
and  of  Post-Etching  Ozone  Cleaning  on  Substrate 
Damaga  and  Contamination  in  MERIE  Contact  Etching  - 

R.  A.  Ditizio,  T.  Gu,  R.  W.  Collins.  J.  R.  Ruzyllo.  S.  J. 
Fonash.  and  H.  J.  Laary 

D.  W.  Hass,  Chairman:  J.  I.  McOmbar,  Vica-Chairman 

Plasma  Particles 

2:00  A  Modal  of  Particulates  in  Glow  Discharge  Plasmas  -  D.  85 
B.  Graves,  M.  G.  Kilgore,  J.  E.  Daugherty,  and  R.  K. 
Portaous 

2:40  Detection  and  Control  of  Particia  Contamination  in  86 
Production  Plasma  Equipment  -  G.  S.  Saiwyn,  E.  F. 
Patterson,  and  K.  L.  Haller 

3:20  Trapped  Contamination  Particulates  in  an  RF  Processing  87 
Plasma  -  R.  N.  Carlila  and  S.  G.  Geha 
3:40  Particia  Contamination  on  Silicon  Wafers  Etched  in  RF  88 
Plasmas  -  M.  M.  Smadi,  Q.  Y.  Kong,  R.  N.  Carlila,  and  S. 

E.  Back 


SECOND  INTERNATIONAL  SYMPOSIUM  ON 
REDUCED-THERMAL-BUDQET  PROCESSING  FOR 
THE  FABRICATION  OF  MICROELECTRONIC 
DEVICES 

Dialaetric  Scianca  and  Tachnology/Elactronics 

J.  W.  Osanbach,  Chairman:  G.  C.  Schwartz.  Vica- 
Chairman 

St.  Louis  Ballroom  G,  4th  Laval 

9:00  A  Highly  Reliable  Rapid  Thermal  Sintering  Process  for  145 
Aluminum  Alloy  Metallization  -  A.  Husain 

9:20  Thermal  Stability  of  Thin  Submicrometar  Linas  of  CoSi,  -  1 46 

O.  Wang,  C.  M.  Osburn,  P.  L.  Smith.  C.  A.  Canovai,  and 
G.  E.  McGuire 

8;40  Effects  of  Dopants  in  Polysilicon  on  Titanium  Silicide  147 
Degradation  -  T.  Koch 
10:00  Fifteen-minute  intarmission 

10:15  Low  Temperature  Sub-Atmospheric  CVD  USG/PSG  for  148 
Gap  Filling  and  Planarization  of  Advanced  Submicron 
Memory  Devices  -  D.  Cota,  H.  Nobel,  C.  Basa.  K.  Kwok. 

E.  Yiah,  B.  C.  Nguyan.  and  Bg.  Nauraithar 
10:35  Water  Trapping  and  Datrapping  in  Thin  Film  Dielectrics:  149 
Tamparatura  Dependence  and  Water-Trap  Dynamics  -  J. 

N.  Cox,  J.  Z.  Ran,  J.  M.  Van  Horn,  and  K.  W.  Kwok 
10:55  CharacterizationofRamotaPlasma-EnhancodCVDONO  150 
Sbucturas  Using  Electron  Holography  and  Energy  Loss 
Microscopy  -  G.  L.  Waytana,  P.  Raz,  J.  K.  Weiss,  W.  J. 
DaRuijter,  S.  V.  Hattangady,  and  G.  G.  Fountain 
11:15  BPSGs  Viscosity  Determination  for  Rapid  Flow  Annealing  151 
Optimization  -  A.  Tissiar,  J.-F.  Teissier,  A.  Poncat.  and 
D.  Sanchez 

11:35  Autodoping  of  Boron  from  BSG  Glass  -  K.  D.  Bayer,  G.  152 
Fitzgibbon,  and  P.  A.  Ronshaim 


FIFTH  INTERNATIONAL  SYMPOSIUM  ON  SiUCON- 
ON-INSULATOR  TECHNOLOGY  AND  DEVICES 
Elactronica/Dialaetric  Scianca  and  Taehnology 

S.  Cristolovaanu,  Chairman:  J.  Qautiar,  Vica-Chairman 
Promanada  Ballroom  E,  2nd  Laval 

Floating  Body  Efteets 

8:50  Introductory  ramarks 


TUESDAY  CONTINUED 

9:00  Improvad  Physical  Modaling  of  Bipolar  Effacts  in  SOI  162 
Transistors  -  G.  A.  Armstrong  and  W.  0.  Franch 
9:20  A  Simpla  Subthrashold  Modal  for  Floating  Body  SOI  163 
MOSFETs  -  G.  Uu,  P.  Liu,  Y.  H.  Chang,  G.  P.  Li,  and  J. 

Whita 

9:40  Voltaga  Limitations  of  Submicron  CMOS  on  Thin  SOI  -  164 

J.  Saliskar,  F.  Brady,  L.  K.  Wang,  and  N.  Haddad 
10:00  Study  of  tha  Kink-Ralatad  Excess  Low-Fraquancy  Noisa  165 
in  SOI  NMOSFETs  at  Room  Tamparatura  and  77  K  -  C. 
Claays  and  E.  Simoan 
10:20  Tan-minuta  intarmission 

M.  Matloubian,  Chairman:  G.  Campisi,  Vica-Chairman 

Raliability  Issues 

10:30  Advantages  and  Limitations  of  Thin  Fiim  SIMOX  166 
MOSFETs:  Raliability  Aspects  -  J.  Gautier  and  G. 
Reimbold 

11:10  Hot-Carrier-Inducad  Degradation  in  Partialiy  and  Fully  167 
Daplalad  SIMOX  MOSFETs  -  S.  M.  Gulwadi,  S. 
Cristolovaanu.  D.  E.  loannou,  G.  Campisi.  and  H.  L. 
Hughas 

11:30  Back-Channel  Hot-Elactron  Effect  on  the  Drain  168 
Breakdown  Voltaga  in  Thin-Film  SOI  MOSFETs  -  B. 

Zhang  and  T.  P.  Ma 

11:50  Numerical  Analysis  of  Short-Channal  and  Drain  169 
Enginaaring  Effacts  for  Fully  Daplatad  SOI  MOSFETs  in 
a  Radiation  Environment  -  J.  H.  Smith.  R.  Lawrence,  and 
G.  Campisi 

G  Campisi.  Chairman:  M  Matioubian,  Vice-Chairman 
Oavica-Basad  Characterization 

2:00  Davica-Basad  Electrical  Characterization  for  SOI  170 
Technology  Davalopmant  -  0.  E.  loannou 
2:40  Evaluation  of  ZMR  SOI  Films  for  BICMOS  Application  by  171 
Low  Frequency  Noisa  Investigations  -  B.  Tillack,  R. 
Banisch.  F.  Januschawski.  A.  Chovat.  K.  Hoappnar,  and 
H  H.  Richter 

3  00  Measurements  and  Analysis  of  Random  Telegraph  172 
Signals  in  Small  Area  SOI  MOSFETs  -  O.  Roux  dit 
Buisson,  Q.  Ghibaudo,  J.  Brini,  and  T.  Ouissa 
3  20  A  New  Transient  Drain  Currant  Technique  for  Interface  173 
Characterization  in  SOI  MOSFETs  -  S.  Cristolovaanu,  H 
Haddara.  and  M.  T.  Elawa 

MATERIALS  AND  PROCESSING  ISSUES  FOR 
LARGE  SCALE  INTEGRATED  ELECTRONIC  AND 
PHOTONIC  ARRAYS 

Elactronics/Dialactric  Science  and  Technology 

S  Yamkoshi.  Chairman:  D.  N.  Bucklay.  Vica-Chairman 
Room  43.  4th  Laval 

9:00  Integrated  Optoelectronic  Davica  Technology  -  S.  R.  205 
Forrast 

9:40  Devices  and  Processes  for  Integrated  Photoracaivars  on  206 
InP  -  A.  Scavennec,  L.  Giraudet.  P.  Blanconnier,  G  Post, 

J.  P.  Praseuth,  and  A.  Temmar 
10:20  Fifteen-minute  intermlsaslon 

10:35  GaAs-on-InP.  Recelver-Transmittar  Optoelectronic  207 
Integrated  Circuit  -  P.  J.  O'Sullivan  and  D.  A.  Allan 
11:15  Computer  Simulation  and  Characterization  of  MBE  208 
Growth  of  AIQaAs/GaAa  Hatarostructuras  -  P.  B.  Kosel 
and  T.  R.  Krishna 

11:35  FormationofEpitaxUdCoSi,  Films  on  (001)  Silicon  Using  200 
Ti-Co  Alloy  and  BimelM  Source  Materials  -  S.  L.  Hsia.  T 
Y.  Tan.  P.  L.  Smith,  and  G.  E.  McGuire 

STATE-OF-THE-ART  PROGRAM  ON  COMPOUND 
SEMtCONDUCTORS  XVI 
Eleetronics/Dleleelrie  Seienea  and  Technology 

V.  Swaminathan.  Chairman;  J.  P.  Vileot,  Vice-Chairman 
Room  43.  4lh  Level 

2:00  The  program  and  abatraels  will  be  published  in  the  April 
issue  of  the  Journal  and  included  In  the  program  booklet 
distributed  at  the  Meeting. 


SECOND  SYMPOSIUM  ON  THE  PHYSICS  AND 
CHEMISTRY  OF  SIO,  AND  THE  Si-SIO,  INTERFACE 
Elactronics/Dialactric  Science  and  Technology 

0.  Griscom,  Chairman;  S.  I.  Raider,  Vica-Chairman 
Promenade  Ballroom  F.  2nd  Level 

Deposition  and  Properties  of  SiO, 

8:30  Thermal  and  X-Ray  Production  of  Point  Defects  in  223 
Vitreous  SiO,  -  F.  L.  Galeenar 

9:10  Nonstoichiometry  and  Defects  in  Bulk  a-SiOj  -  H.  224 
Kawazoe  and  K.  Awazu 

9:50  The  Paramagnetic  Defects  in  Crystalline  SiOj  -  J.  A.  225 
Weil.  R.  J.  McEacharn.  and  M.  M.  Mombourquette 
10:20  Tan-minuta  intermission 

10:30  Formation  of  Si/SiO,  Heterostructures  by  Low-  226 
Temperature,  Plasma-Assisted  Oxidation  and  Deposition 
Processes  -  G.  Lucovsky,  Y.  Ma.  T.  Yasuda,  and  S. 
Habermehl 

11:00  Growth  and  Characterization  of  SiO,  Thin  Films  227 
Deposited  by  DECR-PECVD  at  Low  Temperature  -  B. 

Agius,  M.  C.  Hugon,  N.  Jiang,  M.  Puech,  G.  Ravel,  and 
F.  Plais 

11:20  Low  Temperature  Synthesis  and  Characterization  cf  228 
Silicon  Dioxide  Films  -  G.  S.  Chakravarthy.  fl.  A.  Levy, 
and  J.  M.  Grow 

1 1 :40  Fundamental  Spectroscopic  Studies  of  SiO,  Deposition  229 
from  TEOS  -  J.  E.  Crowell,  H.-C.  Cho,  and  L.  L.  Tedder 

T.  Ohmi,  Chairman;  G.  Lucovsky,  Vice-Chairman 

Chemical  Properties  of  Si  Surfaces  Related  to  Oxidation 
and  Oxide  Deposition 

1:30  Native  Oxide  Growth  and  Hydrogen  Bonding  Features  230 
on  Chemically  Cleaned  Silicon  Surfaces  -  M  Hirose,  M. 
Takakura.  T.  Yasaka,  and  S.  Miyazaki 
2:00  Understanding  the  Surface  Chemical  and  Structural  231 
Implications  of  HF  Solution  Cleaning  of  Silicon  -  G.  S. 
Higashi 

2:30  Pre-Gate  Oxide  Si  Surface  Control  -  M.  Morita  and  T.  232 
Ohmi 

3:00  Chemical  Structures  of  Native  Oxides  Formed  during  233 
Wet  Chemical  Treatments  on  Atomically  Flat  Si(111) 
Surface  -  H.  Ogawa  and  T.  Hattori 
3:20  Silicon  Surface  Analysis  and  Very  Thin  Silicon  Oxide  234 
Characterization  after  HF/Ethanol  Preoxidation  Silicon 
Cleaning  -  J.  R.  Morante.  B.  Garrido,  J.  Samitier,  F. 
Gessin,  J.  L.  Prom,  and  G.  Sarrabayrouse 
3:40  Effects  of  Metallic  Impurities  upon  Thin  Gate  Oxide  235 
Integrity  and  Related  Bulk  Electrical  Properties  in  CZ  Si  - 
K.-C.  Cho,  J.-G,  Park.  Y.-S.  Kwak,  D.-J.  Lee,  C.-S.  Lim, 

C.-K.  Shin,  and  3.  Hahn 


FRACTALS  IN  ELECTROCHEMISTRY 
Energy  Tachnology/Physical 
Electrochemistry/Corrosion 

S.  Havlin,  Chairman;  C.  Thompson,  Vice-Chairman 
Room  46.  4th  Level 


9:00 

Equivalent  Circuit  Study  of  Fractal  Electrodes  -  B. 
Sapoval 

321 

9:20 

The  Double  Layer  Impedance:  Effects  of  Electrode 
Roughness  -  T.  C.  Halsey 

322 

9:40 

Theory  of  Interfbclal  Constant  Phase  Element  in 
Electrode-Electrolyte  Systems  -  S.  H.  Liu 

323 

10.00 

FHIeen-minuta  intermission 

10:15 

Noise  Analysis  Appiied  to  Eiectrochemical  Systems  -  U. 
Bertocci 

324 

10:35 

Surfbee  Morphology  Characterization  with  X-Ray 
Scattering  -  C.  Thompson 

325 

11:05 

Electrochemical  Fractal  Dimension  Measurement  on 
Rough  Surfaces  -  T.  Pajkossy.  A.  Imre,  and  L.  Nyikos 

328 

TUESDAY  CONTINUED 

SYNTHESIS  AND  PROCESSING  FOR  HIGH- 

TEMPERATURE  MATERIALS  IN  THE  YEAR  2000 

High  Tamparatur*  Matarials/Dialactric  Scianca  and 
Tachnology 

S.  C.  Singhal.  Chairman:  J.  Dismukas,  Vica  Chairman 
Promanada  Ballroom  A.  2nd  Laval 

9:00  Procasaing  of  Advancad  Caramic  Matarials:  Naad  for  348 
Short-Ranga  Intarparticia  Potantials  -  F.  F.  Langa 

9:40  Synthaais  and  Procaaaing  of  Nanoatructurad  Matarials  ■  349 

H.  Hahn 

10:20  Tan-minuta  intarmission 

10:30  Microwava  Procaaaing  of  Caramics:  Promisas  and  350 
Challangaa  -  D.  L.  Johnson 

11:10  Microwava  Surfaca  Modification  and  Sintering  -  0.  E.  351 
Clark,  Z.  Fathi.  and  0.  Folz 

M.  D.  Allandorf,  Chairman:  J.  B  Wagner.  Jr.,  Vice- 
Chairman 

2:00  Mathematical  Modeling  Issues  in  Plasma  Syntifesis  -  J.  352 
Szekely 

2:40  Thermal  Plasma  Synthesis  of  Fine  Powders  -  E.  Pfender  353 
and  P.  Kong 

3:20  Plasma  Sintering  of  Caramics  -  D.  L.  Johnson  354 


ELECTROCHEMISTRY  IN  MINERAL  AND  METAL 
PROCESSING  III 

Industrial  Electrolysis  and  Elactrochamicat  Engineering 

R.-H.  Yoon,  Chairman:  S.  Chander,  Vice-Chairman 
St.  Louis  Ballroom  A,  4th  Laval 

9:00  Voltammetric  Datarmination  of  Surfaca  Species  on  375 
Sulfide  Minerals  in  Flotation  Pulps  ■  L.  Griffin.  N.  W. 
Johnson.  0.  F.  A.  Koch,  Y.  Ramprakash,  and  R.  Woods 
9  30  Pulp  Chemistry  in  Pyrita  Pra-  and  Reverse  Flotation  -  M.  376 
Xu  and  J.  A.  Finch 

10:00  The  Interaction  of  Ethyl  Xanthata  with  Pyrita  -  J.  Ralston  377 
and  0.  Fornasiaro 
10:30  Fifteen-minute  intarmission 

10:45  Tha  Effect  of  EOTA  on  Collactorlass  Flotation  of  Pyrita  -  378 

S.  Chander  and  J.  Pang 

11  15  An  Elactrochamical  Study  of  Selective  379 
Oeactivation/Oaprassion  of  Cu(ll)-Activatad  Pyrita  and 
Arsanopyrita  -  X  -H.  Wang  and  C.-L.  Jiang 

J  Ralston.  Chairman:  K.  Ossao-Asara.  Vice-Chairman 

2:00  Surfaca  Layer  Structure  of  Sulfide  Mineral  Treated  in  380 
Thiol  Collector  Solutions  -  E.  Suoninan.  K.  Laajalahto. 
and  S.  Haimala 

2:30  Tha  Interaction  of  Diethyl  Oithiophosphata  with  Freshly  381 
Exposed  Galana  and  Chalcocita  Surfaces  -  A.  N 
Buckley  and  R.  Woods 

3:00  Elactrochamical  AC  Impedance  and  X-Ray  Photoalactron  382 
Spectroscopic  Studies  of  Interaction  of  Phenyl  Thiourea 
with  Coal  Pyrita  Surfaca  -  S.  U.  M  Khan.  T.  J.  Farley, 
and  J.  P.  BuKrus 

3:30  XPS  Study  of  tha  Butyl  Xanthata  Adsorption  on  the  383 
Galana  Surface  -  A.  V.  Shchukarav,  G.  N.  Mashavsky. 
and  T.  O.  Nachiporanko 


INDUSTRIAL  ELECTRO-ORGANIC  PROCESSES 
Industrial  Electrolysis  and  Elactrochamical  Engineering 

C  King,  Chairman:  J.  W.  Van  Zee,  Vice-Chairman 
Promanada  Ballroom  B,  2nd  Laval 

9:00  Hydrodimarizatlon  of  Dimathylmalaata  I:  Scouting  -  J.  408 
H.  Waganknacht,  M.  R.  Baglay,  E.  A.  Casanova,  M.  C. 
Dutton,  and  D.  J.  Kalota 

9:25  Hydrodimarizatlon  of  Dimathylmalaata  II:  Proeass  for  409 
Convartipg  Malaic  Anhydrlda  to  1, 2,3.4- 

Butanatatracarboxylic  Acid  -  D.  J.  Kalota.  M.  R.  Baglay. 

E.  A.  Casanova.  M.  C.  Dutton,  and  J  H.  Waganknacht 


9.50  Hydrodimerization  of  Dimathylmalaata  III:  410 
Electrochemical  Parameter  Evaluation  -  M.  C.  Dutton.  M. 

R.  Baglay.  E.  A.  Casanova,  D.  J.  Kalota,  and  J.  H. 
Waganknacht 

10:15  Tan-minuta  intarmission 

10:25  Tha  Preparation  of  Metal  Ion  Raductants  via  tha  Use  of  411 
Hydrogan  Diffusion  Anodes  -  P.  C.  Foliar,  R.  J.  Allan, 
and  R.  Vora 

10:50  An  Anolyta  Modal  of  a  Diaphragm-Type  Chlorina/Caustic  412 
Call  -  J.  W.  Van  Zee  and  C.  T.  Lea 
11:15  Design  of  a  Digital  Multiloop  PID  Control  System  for  a  413 
Diaphragm-Type  Chlorina/Caustic  Cell  -  C.  T.  Lea  and  J. 

W.  Van  Zee 


GENERAL  SESSION 
Physical  Electrochemistry 

A.  Lasia,  Chairman:  P.  Vanysak,  Vice-Chairman 
Room  26,  2nd  Laval 

9:00  Analytical  Utility  of  tha  Iridium-Based  Mercury  Ultra-  456 
Mlcroalactroda  with  Square  Wave  Anodic  Stripping 
Voltammatry  -  W.  Dang  and  S.  P.  Kounavas 

9:30  Modified  Cottrell  Behavior  for  Constant-Rasistanca  457 
Systems  -  T.  M.  Nahir  and  R.  P.  Buck 

10:00  Elactrochamical  Maasuramants  of  the  Effects  of  458 
Ultrasound  in  Solution  and  at  Surfaces  -  H.  Zhang,  C.  R. 

Smith,  and  L.  A.  Coury,  Jr. 

10:30  Fifteen-minute  intarmission 

10:45  Reduction  of  Pd(ll)  at  a  Mercury  Electrode  -  R.  S.  459 
Rodgars 

11:15  Voltammetric  Studies  on  tha  Formation  and  Reduction  of  460 
Palladium  Oxides  in  Alkaline  Madia  -  l.-H.  Yao,  M.-C 
Jaong,  and  C.  H.  Pyun 

P.  Vanysak.  Chairman:  A.  Lasia.  Vice-Chairman 

2:00  Amorphous  Nickel  Boride  as  an  Elaetrocatalyst  for  tha  461 
Hydrogen  Evolution  Reaction  In  Alkaline  Solutions  -  P. 

Los  and  A.  Lasia 

2:30  In  Situ  X-Ray  Diffraction  Study  of  Prussian  Blue  Modified  462 
Electrode  -  C.  G.  Chan  and  Z.  O.  Huang 

3:00  In  Situ  Ellipsomatric  Spectroscopy  for  Redox  of  Prussian  463 
Blue  Films  on  Platinum  Electrode  -  S.  F.  Xia  and  Z.  O 
Huang 

3:30  New  Aspect  of  Ellipsomatry  for  Studying  Redox  in  464 
Electrochemistry  •  Z,  Q.  Huang  and  S.  F.  Xia 


MICROMORPHOLOGY  IN 
ELECTROCRYSTALLIZATION 
Physical  Elsctrochamistry/Elactrodaposition 

R.  C.  Alkira.  Chairman:  T.  Hapal.  Vice-Chairman 
St.  Louis  Ballroom  F,  4th  Laval 

9:00  Introductory  ramarks  by  S.  B'uckanstain 
9:05  In  Situ  Studies  of  Shape  Evolution  during  Copper  475 
ElactrodaposHion  Using  Atomic  Force  Microscopy  -  R. 

M.  Ryndars  and  R.  C.  Alkira 

9:30  Elactrochamical  Behavior  of  an  Amorphous  Pd-Ni-Si  476 
Alloy  in  Aqueous  Solutions  -  A.  Zhang  and  V.  Birss 
9:55  ElectrodepositionofFs-Ni-Cr-P-C  Alloys- J.-C.  Kang, C.  477 
A.  Melandras.  and  S.  B.  Lahrani 

1 0:20  Application  of  Pulse  Current  Process  to  Plated-Through-  478 
Holes  -  A.  S.  Woodman,  E.  J.  Taylor.  N.  R.  K.  Vilambi 
Reddy.  E.  B.  Anderson,  and  G.  L.  Fisher 
10:45  Five-minute  intermission 

10:50  Potential  Step  Probes  of  Epitaxial  Growth  in  479 
Electrodaposited  Ceramic  Superlatticas  -  R.  J.  Phillips. 

R.  P.  Raffaella.  and  J.  A.  Switzer 

11-15  Mass  Sensitivity  Mapping  of  tha  Quartz  Crystal  480 
MIerobalance  in  Liquid  Media  -  A.  C.  Hilliar  and  M.  D. 

Ward 

11:40  Electrochemical  Preparation  of  Platinum  Nanoparticulas-  481 
R.  Durand  and  K.  Louhab 


TUESDAY  CONTINUED 

QUANTUM  CONFINEMENT 
New  Technology  Subcommittee/Electroniee/Dielectric 
Science  and  Technology 

E.  NIcollian,  Chairman;  R.  Ttu,  Vice-Chairman 
St.  Louie  Bailroom  F.  4th  Levei 

2:00  The  program  and  abetracta  wiil  be  publiahed  in  the  April 
iiaue  of  the  Journal  and  included  in  the  program  booklet 
distributed  at  the  Meeting. 

FULLERENES;  CHEMISTRY,  PHYSICS  AND  NEW 
DIRECTIONS 

Physical  Electrochemistry/Dielectric  Science  and 
Tachnology/Electronics 

J.  Bernholc,  Chairman;  B.  Dunlap.  Vice-Chairman 
St.  Louis  Ballroom  C.  4th  Level 

S:00  The  program  and  abstracts  will  be  published  in  the  April 
issue  of  the  Journal  and  included  in  the  program  booklet 
distributed  at  the  Meeting. 

0.  M.  Cox.  Chairman;  D.  Tomanek,  Vice-Chairman 

2:00  The  program  and  abstracts  will  be  published  in  the  April 
issue  of  the  Journal  and  included  in  the  program  booklet 
distributed  at  the  Meeting. 

EIGHTH  INTERNATIONAL  SYMPOSIUM  ON  MOLTEN 
SALTS 

Physical  Electrochamistry/High  Temperature  Materials 

E.  J.  Cairns.  Chairman;  0.  G.  Lovering.  Vice-Chairman 
St.  Louis  Ballroom  B,  4lh  Level 

0:00  Molten  Carbonate  Fuel  Cell  Reaction  Mechanisms  •  K.  497 
Hemmes.  R.  C.  Makkus.  R.  Weewer,  and  J.  H.  W.  de  Wit 
9:20  IMHEX®  Molten  Cerbonete  Fuel  Cell  Program  Status  -  498 

G.  L.  Reznikov  and  R.  Oonelson 

9  40  A  Comparative  Study  of  Electrochemical  Systems  of  499 
Oxygen  In  Molten  Alkaline  Carbonates  at  S00*-750*C  ■  J. 
Oevynck.  G.  Moutiers.  M.  Cassir.  and  B.  Tremillon 
10:00  High  Temperature  Corrosion  of  Nickel  Coaled  with  500 
Molten  Alkali  Carbonates  -  K.-i.  Ota.  B.-u.  Kim.  H. 
Yoshitake.  and  N.  Kamiya 
10:20  Ten-minute  intermission 

10:30  Galvanic  Corrosion  of  Coupled  Pt-Ni  System  in  Molten  501 
Na,CO,  at  1173  K  -  Y.  Shinata.  M.  Hara.  and  S. 
Hashimoto 

10:50  Development  of  Cathodes  for  an  Aluminum-Chlorine  502 
Fuel  Cell  in  High  Temperature  Chloride  Melts  -  T. 
Ishikawa.  T.  Sasaki,  and  S.  Konda 

11:10  Application  of  Molten  Salts  in  Pyrochsmical  Processing  503 
of  Reactive  Metals  -  B.  Mishra.  D.  L.  Olson,  and  W.  A 
Averill 


11.30  Investigations  at  Los  Alamos  National  Laboratory  of  504 
Calcium  Chloride  Based  Molten  Salts  Systems  -  S.  0. 
Owens.  K.  M.  Axler.  G.  L.  DePoorter.  and  G.  0.  Bird 
11:50  Voltammebic  Study  of  a  Planar  Electrode  with  505 
Supermeniscus  Film  in  Molten  Carbonate  -  G.  L.  Lee 
and  J.  R.  Salman 

D.  G.  Lovering.  Chairman;  E.  J.  Cairns.  Vice-Chairman 

2.20  Material-Deposition  Processes  in  the  Separator  of  Li-  506 
Altoy/Fa/S,  Thermal  Calls  -  M.  C.  Hash.  J.  A.  Smaga.  R. 

A.  Guidotti,  and  F.  W.  Reinhardt 

2:40  Performance  of  a  Sodium/Selanium  (IV)  Molten  507 
Chloroaluminate  Cell  for  an  Electric  Vehicle  -  M. 
Matsunaga.  M.  Morimitsu,  G.  Mori,  S.  Obata,  T.  Kitazaki. 
and  K.  Hosokawa 

3:00  The  Modification  of  Flamion  Membranes  for  Use  in  508 
Energy  Generating  Devices  -  D.  S.  Newman,  S.  Li,  and 
T.  Howard 

3:20  Molten  Salt  Regular  Mixture  Theory  Applied  to  Ion  509 
Exchange  Membranes  -  K.  S.  Forland,  T.  Okada,  and  S. 

K.  Ratkje 

3:40  Theory  of  Thsrmocells:  Transported  Entropies  and  Heat  510 
of  Transfer  in  Ag,S04-Li2S04  -  A.  Qrimstvedt  and  S.  K. 

Ratjke 

ELECTROCHEMICAL  SENSORS  IN  MEDICAL 
SCIENCE 
Sensor 

G.  Wilson.  Chairman;  L.  Bousse,  Vice-Chairman 
St.  Louis  Ballroom  E,  4th  Level 

9:00  Electrochemical  Methods  for  Quantitation  of  Peroxidase  557 
and  Alkaline  Phosphatase  -  H.  Song  and  D.  G.  Hafeman 
9:20  Bianzyma  Amparometric  Sensors  Using  a  Polymeric  558 
Electron  Transfer  Mediator  ■  A.  C.  Michael  and  M.  G. 
Garguilo 

9:40  Glutamate  Electrodes:  Construction,  Function,  and  559 
Applications  •  J.  R.  Woodward,  R.  B.  Spokane.  S. 
Parker.  T.  D.  Gibson.  J.  N.  Hulbert,  and  L.  C.  Clark,  Jr. 

10:00  Glutamate  Dehydrogenase-Modified  Carbon  Fiber  560 
Microelectrodes  with  Millisecond  Response  Times  -  W. 

G.  Kuhr  and  P.  Pantano 
10:20  Ten-minute  intermission 

10:30  Application  of  ic-Thiocarboxylic  Acid  Monolayers  for  the  561 
Detection  of  Dopamine  in  the  Presence  of  High 
Concentration  of  Ascorbic  Acid  -  D.  Mandler  and  F. 

Malem 

10:50  Controlled  Binding  and  Electroralaase  of  Metal  Ions.  562 
Drugs,  and  Neurotransmitters  from  Cation  Gate 
Composite  Polymer  Films  Studied  by  Piezoelectric 
Sensor  Technique  -  M.  Hepel  and  L.  Dentrone 
11:10  The  Effect  of  Overoxidation  on  the  Electrochemical  563 
Behavior  of  Polypyrrole  Films  Doped  with  Various 
Anionic  Species  -  D.  Belanger  and  F.  Provencher 
11:30  Polypyrrole-Enzyme  Film  Electrode  Mediated  by  564 
Electropolymerized  Catalytic  Polymer  Film  -  H. 
Tachikawa,  Z.  Sun.  and  H.  Ge 


WEDNESDAY,  MAY  20, 1992 


12:15  P.M.  Dielectric  Science  and  Technology  Division  Luncheon  and  Business  Meeting,  Rose  Garden. 
4th  Level. 

12:15  P.M.  Energy  Technology  Division  Luncheon  and  Business  Meeting.  Promenade  Ballroom  D,  2nd 
Level. 

12:15  P.M.  Organic  and  Biological  Electrochemistry  Division  Luncheon  and  Business  Meeting.  St.  Louis 


Ballroom  H.  4lh  Level. 


NINTH  SYMPOMUM  ON  PLASMA  PROCESSING 
Oieleetrlc  Science  and  Tachnology/Electronics 

R.  N.  Carlile.  Chairman;  D.  W.  Hass.  Vice-Chairman 
Promenade  Ballroom  C,  2nd  Laval 

Plasma  Cleaning 

9:00  Plasma  and  Surface  OlagnosUes  of  ECR  Hydrogen  89 
Cleaning  of  NaUve  Silicon  OxMo  -  W.  Tsai,  M.  D^no,  B. 

C.  Chung,  T.  Sheng,  and  S.  Salimian 


9:20  Process  and  Module  for  Low  Temperature  Hydrogen  00 
Cleaning  for  Silicon  Wafers  -  F.-P.  Steiner,  E.  BmK,  and 
J.  Ramm 

9:40  In  Situ  Chamber  Dry  Cleaning  for  HBr  RIE  -  K.  lizuka  and  91 
M.  Nakamura 


Low  Temperature  Etching 

10:00  Ion  Beam-Assistad  Etching  of  SI  (111)  with  Fluorine  at  92 
77K  -  J.  W.  Coburn  and  C.  B.  Mullins 


WEDNESDAY  CONTINUED 

10:40  A  New  Method  of  Sidewall  Protection  for  Anisotropic  93 
Etching  Using  Sulfur  Deposition  -  T.  Tatsumi,  T. 
Nagayama,  and  S.  Kadomura 

11:00  Cooling  Wafer  Stage  for  Low  Temperature  Dry  Etching  -  94 

M.  Kanetomo,  T.  Kure,  K.  Tsujimoto,  and  S.  Tachi 

Silicon  Etching 

11:20  Problems  of  Low  Pressure  Single  Crystal  Silicon  Etching  95 

-  M.  Engelhardt 

11:40  Highly  Selective  Low  Pressure  Polysilicon  Etching  in  96 
High  Density.  Low  Energy  RF  Plasmas  -  M.  Engelhardt 

G.  S.  Mathad,  Chairman:  S.  Salimian,  Vice-Chairman 

Silicon  Etching  (cont'd) 

2:00  Selective  High-Rate  Etching  of  Polysilieon  in  Microwave  97 
ECR  Discharges:  A  Comparision  of  ECR  Configurations 

-  T.  O.  Mantel.  D.  Dane,  and  P.  Gadgil 

2:20  Quarter-Micron  Deep  Trench  Etch  for  ULSI  -  Y.  T.  Lii  and  98 
T.  V.  Rajeevakumar 

2:40  MRIE  0.1  pm  Polysilicon  Lines  by  Using  HBr  -  Y.  T.  Lii.  99 
C.  M.  Reeves.  D.  A.  Danner.  P.  J.  Coane.  and  L.-K. 

Wang 

3:00  Fundamental  Processing  Limit  of  Gate  Oxide  Thickness  100 
for  Polysilicon  Gale  Definition  -  A.  S.  Yapsir 

Atuminum/Alloy  Etching 

3:20  200  mm  Aluminum  Etch  in  MERIE  System  -  S.  Mak.  S.  101 

Arias,  and  C  S.  Rhoades 

3:40  Dry  Etching  of  Al  Alloy  Films  Using  HBr  Mixed  Gases  -  102 

K.  Fujino  and  T.  Oku 

4  00  One-Step  Electron  Cyclotron  Resonance  Etching  of  103 
Submicron  Al-Si-Cu  -  0.  X.  Ma  and  C  -H.  Chan 
4:20  Low  Energy  Ion  Etching  of  Aluminum  Oxide  Films  and  104 
Native  Aluminum  Oxide  ■  M.  E.  Day.  S.  Salimian.  and  M. 

Delfino 

4:40  Analysis  of  Post-Metal  Etch  Processes  Causing  105 
Submicron  Technology  Corrosion  Defects  -  K.  E.  Mautz 

G  S  Selwyn.  Chairman:  D  B.  Graves.  Vice-Chairman 

Plasma  Generated  Particles 

7  00  Informal  discussion 

FIFTH  INTERNATIONAL  SYMPOSIUM  ON  SILICON- 
ON-INSULATOR  TECHNOLOGY  AND  DEVICES 
Elactronics/Dialectric  Science  and  Technology 

P.  L.  F.  Hommant.  Chairman:  J.  Margail.  Vice- 
Chairman 

Promenade  Ballroom  E.  2nd  Level 
Characterization  of  Materials  I 
9:00  Introductory  remarks 

9  10  Defects  in  SIMOX  Structures:  Characterization  and  174 
Some  Formation  Mechanisms  -  J.  Margail.  J.  M.  Lamura. 

J.  Stoemanos.  and  A.  M.  Papon 

9:50  Effect  of  Thermal  Ramping  Conditions  on  Defect  175 
Formation  in  Oxygen  Implanted  Silicon-on-lnsulator 
Material  -  S.  Krause.  J.  D.  Lea.  J.  C.  Park.  P.  Roitman. 
and  M.  El-Ghor 

10:10  Screen  Oxide  Effects  on  the  SIMOX  Material  Quality  176 
Observed  by  Raman  Microprobe  Measurements  -  A 
Perez-Rodriguez.  J.  R.  Moranta.  E.  Martin.  J.  Jimenez.  J. 
Margail.  and  A.  M.  Papon 
10:30  FHleen-minuta  intormitsion 

10:45  Kinetics  of  Oxygon  PracipHalion  in  Low  Fluanca  SIMOX  -  177 

L.  Mada.  C.  Spaggiari.  G.  F.  Cerofolini.  S.  Bartoni.  and 
R.  Canteri 

11:15  Novel  Approach  to  Defect  Etching  in  Thin  Film  SOI  -  H.  178 
Qassel.  J.  Patar-Waidemann.  and  H.  Vogt 

J.  Margail.  Chairman:  P.  L.  F.  Hemment.  Vice-Chairman 

Characterization  of  Materials  II 


2:00  Correlation  Between  X-Ray  Moire'  Pattern  and  179 
Dislocation  Density  In  SIMOX  -  M.  K.  El-Ghor.  K.  A. 
Joyner,  and  G.  A.  Rozgonyi 

2:20  Raman  Scattering  and  FTIR  Spectroscopy  as  180 
Characterization  Techniques  of  SIMOX  Structures  -  J. 
Samitier.  A.  Perez-Rodriguez.  J.  R.  Morante.  E.  Martin. 

J.  Jimenez,  and  P.  L.  F.  Hemment 
2:40  Electro-Optical  Characterization  of  SIMOX  Structures  by  1 81 
Photoconductive  Based  Techniques  -  J.  Macia.  A.  Perez- 
Rodriguez.  J.  R.  Morante.  M.  A.  Lourenco.  P.  L.  F. 
Hemment,  and  K.  P.  Homewood 
3:00  Ten-minute  intermission 

3:10  The  Effects  on  Carrier  Lifetime  of  SIMOX  Anneal  Process  182 
Parameters:  A  Designed  Experiment  -  K.  A.  Joyner 
3:30  Nondestructive  SOI  Process  Evaluation  Using  183 
Recombination  Lifetime  Measurements  -  A.  Buczkowski, 

F.  Shimura,  B.  Cordts,  and  G.  A.  Rozgonyi 
3:50  Investigation  of  Local  Isolation  Sbuctures  on  SIMOX  184 
Subsbates  with  Micro-Raman  Spectroscopy  and 
Correlation  with  XTEM  -  I.  De  Wolf,  A.  Romano- 
Rodriguaz,  I.  Vanhallemont,  H.  Norstrom.  and  H.  E. 

Maes 


SECOND  SYMPOSIUM  ON  THE  PHYSICS  AND 
CHEMISTRY  OF  SIO,  AND  THE  SI-SIO,  INTERFACE 
Electronics/Dielectric  Science  and  Technology 

T.  Hattori,  Chairman:  C.  R.  Helms.  Vice-Chairman 
Promenade  Ballroom  F.  2nd  Level 

Chemical.  Structural,  and  Microroughness  Effects  at  the 
Si-SiO,  Interface 

8:15  T.  D.  CALLINAN  AWARD  ADDRESS:  Carbon  Impurities  236 
at  Si-SiO,  Interfaces  -  S.  I.  Raider 

8:50  Microscopic  Structure  of  the  Si/SiO,  Interface  -  F.  J.  237 
Himpsel 

9:20  High  Resolution  Transmission  Electron  Microscope  238 
Image  of  the  SiO^(001)Si  Interface  -  H.  Akatsu.  Y.  Sumi. 
and  I.  Ohdomari 

9:50  Dependence  of  Surface  Microroughness  on  Types  of  239 
Silicon  Substrates  -  T.  Ohmi.  T.  Tsuga.  and  J.  Takano 
10:20  Ten-minute  intermission 

10:30  The  Effect  of  Surface  Roughness  on  Gats  Oxide  240 
Leakage  Currents  -  M.  Chonko  and  V  Ksushik 
10:50  A  Double  Sacrificial  Oxide  Process  for  Smoother  1 50  A  241 
SiO,  Gate  Oxide  Interfaces  -  H.-H.  Tseng  and  P.  J.  Tobin 
11:10  Effect  of  Solidification  Induced  Defects  in  CZ-Silicon  242 
upon  Thin  Gate  Oxide  Integrity  -  H.  Suga.  H.  Abe.  H. 

Koya.  T.  Yoshimi.  I.  Suzuki.  H.  Yoshioka.  and  N.  Kagawa 
11:30  Effects  of  D-Defects  in  CZ  Silicon  upon  Thin  Gate  Oxide  243 
Integrity  -  J.-G.  Park.  S.-P.  Choi.  G.-S.  Lee.  Y.-J.  Jsong. 

Y.-S.  Kwak.  C.-K.  Shin.  S.  Hahn,  and  P.  Maschsr 
11:50  Oxidation-Induced  Changes  in  the  Si  Surface  244 
Microroughness  -  V.  Nayar.  A.  J.  Pidduck.  and  C. 
Pickering 

A.  Goodman.  Chairman:  W.  T.  Lynch.  Vice-Chairman 

Novel  Sbuctures.  Processes,  and  Phenomena 

1:45  Properbes  of  SIMOX  and  Related  Systems  -  S.  245 
Cristoloveanu 

2:15  Reoxidized  Nitrided  Oxide  Gate  Dielectrics  for  Advanced  246 
CMOS  -  G.  J.  Dunn 

2:45  Interface  Properties  and  Device  Reliability  of  High  247 
Quality  PECVD  Oxide  for  MOS  Applications  -  L.  K.  Wang. 

C.  C-H.  Hsu.  and  W.  Chang 

3:05  Charge  Trapping  in  an  ONO  Gate  Dielectric  -  R.  B.  Klein  248 
and  N.  S.  Saks 

3:25  Interteco  Trap  Density  Reduction  and  Oxide  Profiting  for  249 
Fluorinaled  MOS  Capacitors  -  D.  Kouvatsos.  R.  J. 
Jaccodine,  and  F.  A.  Stevie 
3:45  Ten-minute  intermission 

3:55  Physics  of  Exbeme  Quantum  Confinement  Examplified  250 
by  Si/SiO,  Systems  -  R.  Tsu 

4:25  Integrity  of  Very  Thin  Silicon  Films  Deposited  on  SiO,  -  251 

M.  Chonko,  D.  Vandenbarg,  and  D.  Kaitz 
4:45  Rasaarchaa  of  SiO,  on  InP  and  GaAs  MOS  Sbuctures  -  252 

Y.  K.  Su  and  C.  J.  Hwang 


WEDNESDAY  CONTINUED 

STATE-OF-THE-ART  PROGRAM  ON  COMPOUND 
SEMICONDUCTORS  XVI 
Elactronics/Dialcctric  Scianc*  and  Tachnology 

J.  P.  Vilcot,  Chairman:  V.  Swaminathan,  Viea- 
Chairman 

Room  43,  4th  Laval 

9:00  Tha  program  and  abstracts  will  bo  publishad  in  tha  April 
issua  of  tha  Journal  and  includad  in  tha  program  booklet 
distributed  at  tha  Meeting. 

D.  N.  Buckley,  Chairman:  T.  Kamijoh,  Vice-Chairman 

2:00  Tha  program  and  abstracts  will  be  publishad  in  tha  April 
issua  of  tha  Journal  and  includad  in  tha  program  booklet 
distributed  at  tha  Meeting. 

JOINT  GENERAL  SESSION 
Elactronics/Diaiactric  Science  and  Tachnology 

R.  J.  Jaccodina,  Chairman:  A.  Harrus,  Vice-Chairman 
Promenade  Ballroom  A,  2nd  Laval 

9:00  Suppression  of  WSi.  Pealing  in  0.8  p  BiCMOS  269 
Tachnology  -  B.  L.  Mantha  and  C.  S.  Wang 
9:15  Characterization  of  WSi,  Films  Deposited  by  270 
Dichlorosilana  Reduction  Process  for  MOS  VLSI  -  A. 
Ookawa,  S.  Moriba,  S.  Morita,  and  A.  Koike 
9:30  Effect  of  Underlying  TiW  Thickness  on  the  271 
Elactromigration  of  Vias  ■  0.  Pramanik  and  V.  Jain 
9:45  Microstruetura  Control  and  Thermal  Stability  of  Titanium  272 
Silicida  -  R.  W.  Mann  and  C.  Racine 
10:00  The  Direct  Observation  of  Atom  Column  Defects  in  273 
MoSi,  and  W/Si,  ■  K.  M.  Poliack,  0.  S.  Schwartz.  T.  C. 
Bryant,  and  P.  Fraundorf 

10:15  Poly-Void  Formation  in  Poly  Buffer  LOCOS  Process  ■  H.  274 

S.  Yang.  C.  S.  Han.  W.  G.  Lea.  K.  M.  Lee.  H.  S.  Park, 
and  K.  H.  Oh 

10:30  Fifteen-minute  intermission 

10:45  Influanca  of  Field  Isolation  Stress  on  Gate  Oxide  275 
Reliability  -  K.  Shiozaki.  K.  Shimanoe.  K.  Kato,  and  J. 
Nakano 

11:00  A  Comparison  of  Interstitial  Oxygen  Calculated  by  276 
Different  Techniques  -  J.  W.  Madarnach  and  J.  O 
Stevenson 

11:15  Tha  Warpaga  of  As-Received  and  Oxygen  Precipitated  277 
CZ  Silicon  Wafers  -  J.  Jeong  and  H.-D.  Chiou 
1 1  30  Modeling  of  Phosphorus  Precipitation  -  S.  Dunham  278 
1 1 :45  Accurate  and  Computationally  Efficient  Modeling  of  BF,  279 
Implants  into  Single-Crystal  Silicon  -  S.  J.  Morris.  V.  Do, 

P.  Gupa.  S.-H.  Yang.  C.  Park.  K.  M.  Klein.  A.  F.  Tasch. 

R.  B.  Simonton.  and  G.  E.  Lux 

A.  Harrus.  Chairman:  R.  J.  Jaccodina.  Vice-Chairman 

2:00  Investigation  of  Ion-Surface  Interaction  in  Ar  Plasma  280 
Etching  of  Si  and  PECVD  of  SiO,  Film  by  High- 
Frequency  C-V  Method  -  C.  Pavelescu.  J.  P.  MeVittie.  C. 
Chang,  K.  C.  Saraswat,  and  J.  Y.  Laong 
2:15  Trace  Moisture  Analysis  in  Monosilane-Hydrogen  281 
Mixtures  at  Atmospheric  Pressure  and  Ion-Molecule 
Reactions  -  T.  Irie,  S.  lijima,  and  Y.  Mitsui 
2:30  Chemical  Foundations  in  Understanding  the  Step  282 
Coverage  Problem  In  CVD  Using  the  Silane  Chemistry  - 
C.  Pavelescu  and  K.  C.  Saraswat 

2:45  Characterization  of  Band-Pattern  Polishing  Marks  283 
Induced  during  Waxless/Wax  Polishing  Process  Using 
Magic  Mirror  Method  -  K.  H.  Cho.  H.  Y.  Cho.  S.  Hahn.  D. 
Feindel,  F.  Mason.  P.  R.  Blaustein,  and  K.  W.  Kim 
3:00  Highly  Reliable  Eleebostatic  Chucks  Employing  Plasma-  284 
Sprayed  Aluminum-Oxide  Coating  for  Advanced 
Semiconductor  Processing  -  H.  Uetake.  K.  Morizuka.  and 

T,  Ohmi 

3:15  Investigation  of  Single-Layer  p-SnS:M  and  Double  Layer  285 
p-SnS;M/n-MS:Sn.  (M-Zn  or  Cd)-Based 
Photoconductlve  Cells  Produced  by  a  Combined 
Chemical  Bath  Dapoaitfon/lon  Exchange  Process  -  R. 
Engelken,  C.  Brinkley,  L.  N.  Chang,  and  L.  Yu 
3:30  Fifleen-minula  intermission 


3:45  Mix-Cation  Oxide  Powders  via  Resin  Intermediates  286 
Derived  from  Water  Soluble  Polymers  -  L.-W.  Tai  and  H. 

U.  Anderson 

4:00  A  Novel  Evaluation  Technique  of  Carrier  Concentration  287 
by  Noncontact  Eddy  Current  Measurement  -  S. 
Washizuka,  Y.  Yoneda,  A.  Watanabe,  and  T.  Ohta 
4:15  ZrO,-CaO,  Spherical  Powders  Prepared  by  Sol-Gel  288 
Process;  Synthesis,  Sintering,  and  Characterization  -  F. 
Croce,  M.  Carewska,  and  A.  Deptula 
4:30  A  Characterization  of  the  Effect  of  Deposition  289 
Temperature  on  Polysilicon  Properties:  Morphology. 
Dopability,  Etchability,  and  Polycide  Properties  -  E.  Ibok 
and  S.  Garg 

4:45  Effect  of  Back-Surface  Polycrystalline  Silicon  Layer  on  290 
Oxygen  Precipitation  In  CZ  Silicon  Wafer  -  M.  Kadoi,  H. 
Furuya.  T.  Shingyouji,  and  Y.  Shimanuki 
5:00  HIN/Hf,0,N.  Thin  Films  by  LPCVD  -  C.  Orfescu,  A.  J.  291 
Fortinl.  R.  La  Ferla,  A.  J.  Sherman,  and  E.  H.  Liu 
5:15  Damage  and  Its  Rapid  Thermal  Annealing  Kinetics  in  Ar'  292 
Ion  Implanted  CZ  Silicon  -  Y.-K.  Kwon,  K.-l.  Kim.  Y.-H. 

Bae,  W.-J.  Chung.  E.  K.  McIntyre.  Jr.,  T.  Hara.  H. 
Hagiwara,  H.  Suzuki,  W.  L.  Smith,  S.  Hahn,  L.  Larson,  C. 

B.  Yarling,  and  R.  Meinacke 

5:30  Low  Resistance  Molybdenum  Silicide- Molybdenum  Thin  293 
Films  -  S.  Vasile  and  0.  Nicolaescu 


SURFACE  PROCESSING  IN  ENERGY 
TECHNOLOGIES 
Energy  Technology 

A.  W.  Czandarna.  Chairman:  A.  R.  Landgrabe,  Vice- 
Chairman 

St.  Louis  Ballroom  0,  4th  Level 

8:30  Introductory  remarks  by  A.  W.  Czandarna 
8:50  Photoelectrochemical  and  Electrochemical  Polishing  of  294 
Epi  /f-SiC  and  CVD  -  R.  D.  Rauh.  T.  H.  Nguyen.  M.  M. 
Carrabba,  and  T.  0.  Plante 

9:10  Characterization  of  Electrocatalytically  Active  Ni-Co  295 
Amorphous  and  Crystalline  Alloys  ■  K.  Lian,  0.  W.  Kirk, 
and  S.  J.  Thorpe 

9:30  Influence  of  Pretreatment  on  the  Unusual  Redox  296 
Behavior  of  Noble  Metal  Electrodes  -  L.  D.  Burke  and  J. 

K.  Casey 

9:50  Tan-minute  intermission 

10:00  Catalyst  Layer  and  Interface  Properties  of  Directly  297 
Catalyzed  Polymer  Electrolyte  Membranes  -  M.  S. 
Wilson,  T.  A.  Zawodzinski,  Jr..  T.  E.  Springer,  J.  Valerio, 
and  S.  Gottasfsld 

10:20  Chemical  Bath  Deposition  of  Cadmium  Sulfide  Thin  298 
Films.  In  Situ  Growth  and  Structural  Studies  by 
Combined  Quartz  Crystal  Microbalance  and  Impedance 
Techniques  -  D.  Lincot  and  R.  Ortega 
10.40  Study  of  the  Bandedge  Shifts  of  n-  and  p-type  CulnSe,  299 
Semiconducting  Electrodes  in  Various  Aqueous 
Elecbolytes  -  W.  Siripala.  J.  Vedel,  D.  Lincot,  and  D. 

Cahen 

11:00  Highly  Oriented  vs.  Microcrystallina  Thick  Cadmium  300 
Films  Deposited  on  Polycrystallina  Nickel  from  a  Molten 
Salts  Electrolyte  -  R.  R.  Agarwal 

11:20  Surface  ModificaUon  of  Sintered  Plates  Negative  301 

Electrodes  of  Nickel  Cadmium  Battery  -  S.  Tamil  Setvan, 

R.  Sabapathi,  and  N.  Venkatakrishnan 

A.  fl.  Landgrabe,  Chairman;  A.  W.  Czandarna,  Vice- 
Chairman 

2.00  Introductory  remarks  by  A.  R.  Landgrabe 
2:20  Properties  and  Modification  of  Perfluorosulfonic  Acid  302 
Membrane  Surfaces  -  T.  A.  Zawodzinski,  Jr.,  M. 
Shoichet,  N.  Hamel,  G.  Qard,  T.  J.  McCarthy,  and  S. 
Qottesfeld 

2:40  In  SHu  Sturly  of  the  Chemical  Bath  Deposition  303 
Mechanism  of  Cadmium  Sulfide  Thin  Films  on  Gold  and 
Copper  Indium  Oisalenide  Substrates  -  D.  Lincot,  R. 
Ortega,  and  J.  Vedel 

3:00  Electrochemical  Vapor  Deposition  of  CeO,  Thin  Film  304 
Electoolytas  for  Solid  Oxide  Fuel  Cells  -  J.-F.  Jue  and  A. 

V.  VIrkar 

3:20  Ten-minute  intermission 


WEDNESDAY  CONTINUED 

3:30  Evaluation  of  Dopad  Carla  With  and  Without  Zirconia  305 
Coating  for  Application  in  Low-Tamparatura  Soiid  Oxida 
Fual  Call!  -  K.  Mahta  and  A.  V.  Virkar 
3:50  Kinatica  of  tha  Cadmium  Elactroda  in  Alkalina  Solution  -  306 

S.  Tamil  Salvan,  R.  Sabapathl,  and  N.  Vankatakriahnan 
4:10  Evaluation  of  Elactrodapoaitad  Elactroeatalytic  307 
Compoaita  Matal  Film  Coatinga  for  Cathodic  H, 
Evolution  in  Watar  Elactrolyzara  -  B.  E.  Conway,  R. 
Simpraga,  and  R.  Brouaaaau 


ELECTROCHEMICAL  CHARACTERIZATION  OF  THIN 
80UO  FILMS 

Enargy  Tachnology/Phyaical 
Elactrochamiatry/Elactronica/Dialaetric  Seianca  and 
Technology 

P.  J.  Sidaa,  Chairman;  M.  E.  Orazam,  Vica-Chairman 
Room  40,  4th  Laval 

S:00  In  Situ  Infrarad  Spactroacopy  of  Corroaion  Procaaaaa  at  327 
Lacquar  Coatad  Matala  -  S.  N.  Port,  A.  Bawiek,  and  J. 
Caapar 

0:20  Coulomatric  Raduetion  of  Thin  Tarniah  Filma  Formed  on  328 
Copper  -  B.  I.  Rickatt  and  J.  H.  Payar 
0:40  Impadanea  Characterization  of  Polypyrrolaa  -  P.  G.  320 
Pickup,  Q.  L.  Ouffitt,  and  X.  Ran 

1 0.00  Elactrochamical  Obaarvation  of  Intarmadiataa  during  tha  330 
Formation  of  Conducting  Polypyrrola  -  0.  J.  Harriaon 
and  0.  E.  Raymond 
10:20  Tan-minuta  intarmiaaion 

10:30  Elactrochamical  Quartz  Cryatat  Mierobalanca  Studiaa  of  331 
Elacboactiva  Polymer  Bilayara  •  A.  R.  Hillman  and  A. 

Glidia 

10:50  Modeling  of  tha  GalnP,/Aquaoua  Electrolyte  Interface  332 
Utilizing  Electrochemical  Impedance  Spacboacopy  -  S. 

S.  Kocha  and  B.  E.  Liabart 

11:10  Tha  Effect  of  Preparation  Conditiona  on  tha  Ion  Diffusion  333 
and  Elactrochromic  Propartiaa  of  Li.WO,  -  J.-G.  Zhang. 

C.  E.  Tracy,  and  0.  K.  Banaon 

1 1  30  Electrode  Surface  Modification  with  ZnO  and  ZnO-CdS  334 
Semiconductor  Colloidal  Partielaa  -  P.  V.  Kamat  and  S. 
Hotehandani 


STABILITY  OP  REFRACTORY  MATERIALS 
High  Tamparatura  Matariala 

0.  L.  Jacobaon,  Chairman;  A.  Luo,  Vice-Chairman 
Room  46.  4th  Laval 

2:00  Tha  Performance  of  W  Single  Cryatal  Facetted  Coating  335 
Surface  Having  (110)  Prafaranca  Orientation  of  TEC 
Cylindrical  Elacbodaa  -  R.  V.  Sawov,  A.  V.  Vizgalov,  V. 

I.  Yarygin,  and  Z.  B.  Skrabova 

2:20  Ionic  Conductivity  and  Phaaa  Tranaformabon  in  Gd,0,  -  336 

Stabilized  Bi,0,  •  P.  Su  and  A.  V.  Virkar 
2:40  Platinum-Tungatan  and  Rhodium-Tungatan  Alloya  for  337 
AMTECH  Elacbodaa  -  M.  A.  Ryan,  R.  M.  Wllliama,  B. 
Jaffriaa-Nakamura.  M.  L.  Underwood,  and  0.  O'Connor 
3:00  ThoHighTamparatura  Work  Function  of  Sintarad  Dilute  338 
Solution  Tungatan,  Iridium  Alloya  ■  1.  A.  O'Cruz.  D.  R. 
Boach,  aruf  0.  L.  Jacobson 

3:20  Diaparaion  Parbcla  Sbangthaning  in  Tungatan  at  High  330 
Tamparaturaa  ■  A.  Luo  and  D.  L.  Jacobaon 
3:40  High  Temperature  Elactron  Emiaaion  and  Vaporization  of  340 
Tungatan-  Iridium  Alloya  -  R.  N.  Wall,  0.  L.  Jacobaon, 
and  O.  R.  Bosch 


HlOH  TEMPERATURE  SENSORS 
High  Tamparatura  Matarials/Sanser/Battary 

C.  B.  Alcock.  ChMrman;  P.  Moaafay,  Vice-Chairman 
SI.  Louis  BaNroom  E,  4lh  Laval 

Sanaer  AppHcaUona  of  Oxygan  Pumping  with  ZrO,  355 
Efocboehamical  Calta  -  E.  M.  Logolbatia,  J.  H.  Visaar.  R. 

E.  SoWa.  and  L.  RImai 


0:30  Kinatica  of  tha  Elacboda  Raacbon  at  tha  H,-H,0.  Porous  356 
Pt/Stabilizad  Zireonica  Interface  -  J.  Mizuaaki,  H. 
Tagawa,  M.  Tajiks,  K.  Isoba,  I.  Koshiro,  H.  Maruyama, 
and  K.  Hirano 

10:00  Mixsd  Potential  Gaa  Sensors  -  P.  T.  Mosalay  and  R.  Peat  357 
10:20  Tan-minute  intermission 

10:30  New  Idaaa,  How  to  Use  Mixed  Ionic  Elacbonic  358 
Conductors,  Instead  of  Solid  Elacbolytaa,  in 
Potantiomabic  Sensors  - 1.  Riaaa 

10:50  A  Study  on  Properties  of  Elacbode  Matariala  for  Oxygan  35S 
Sanaors  -  H.  Aral,  K.  Eguchi,  and  T.  Inoua 
11:10  Novel  Solid  Elacbolyta  CO,  Sensor  Using  Sodium  Ion  360 
Conductor  and  Lithium-Baa^  Carbonate  Elacbode  -  N. 
Yamazoa,  S.  Yao,  Y.  Shimizu,  and  N.  Miura 
11:30  Davalopmant  of  Solid-State  Elacbochamical  Sanaors  for  361 
Maaauramant  of  Elamants  in  Molten  Matala  -  R.  V. 

Kumar  and  D.  J.  Fray 

C.  C.  Liu,  Chairman;  N.  Yamazoa,  Vica-Chairman 

2:00  Miniaturization  of  High  Tamparatura  Oxygan  Sensor  362 
Employing  Film  Elacbolyta  and  Elactrodas  -  E.  B. 
Makovoa,  F.  W.  Montagus,  M.  A.  Stuezynaki.  and  C.-C. 

Liu 

2:20  Humidity  Sensor  for  High  Tamparatura  Using  a  Limiting  363 
Current  Type  Piana  Oxygan  Sensor  -  H.  Yagi 
2:40  Tha  Relationship  Between  Mierostructura  and  Properties  364 
of  Nativa  Insulators  Used  In  High  Tamparatura-Thin  Film 
Sensor  Applications  -  A.  S.  Lawing,  O.  J.  Gragory,  and 
S.  Mina 

3:00  A  Novel  Polymer  Bland  for  Solid-State  Ammonia  Sensor  365 
-  R.  D.  A.  Paulmar,  R.  S.  Srinivasa,  and  A.  R.  Kulkarni 


ELECTROCHEMISTRY  IN  MINERAL  AND  METAL 
PROCESSING  III 

Indusbial  Electrolysis  and  Elactrochamical  Enginaaring 

M.  Wadsworth,  Chairman;  E.  Suoninan.  Vica-Chairman 
St.  Louis  Ballroom  A,  4th  Laval 

0:00  Photoalacbochamical  Behavior  of  Chalcopyrita(CuFaS,)  384 
in  Alkalina  Solutions  -  Q.  H.  Kalaall  and  F.  W.  H.  Dean 
0:30  Elacbochamical  Oxidation  of  Chalcopyrita  (CuFaS,)  in  385 
Alkaline  Solutions  -  G.  H.  Kalaall.  K.  E.  R.  England.  D.  J. 
Vaughan,  and  Q.  Yin 

10:00  Tha  Photoalectrochamiatry  of  In  Situ  Fractured  Pyrita  386 
Elacbodaa  -  P.  E.  Richardson,  Y.  Li,  and  R.-H.  Yoon 
10:30  Fiflaan-minuta  intarmiaaion 

10:45  Intarfacial  Elacbochamiaby  of  Semiconductor  Pyrita  -  K.  387 
K.  Miahra  and  K.  Oaaao-Asara 

11:15  Elacbochamical  Studies  of  Iron  Sulfides  in  Relation  to  388 
Their  Atmospheric  Oxidation  and  Pravantion  of  Acid 
Drainaga:  Part  II  -  S.  M.  Ahmed  and  E.  Giziawicz 

J.  B.  Hiakay,  Chairman;  A.  Bucklay,  Vica-Chairman 

2:00  Tranapasaiva  Oxidation  of  Pyrita  -  X.  Zhu,  J.  Li,  D.  M.  389 
Bodily,  and  M.  E.  Wadsworth 

2:30  Comparative  Studiaa  of  Surfeca  Propartiaa  of  Pyrita  from  390 
Coal  and  Ora  Sources  -  X.-H.  Wang,  C.  L.  Jiang,  A.  M. 
Raichur,  J.  W.  Leonard,  and  B.  K.  Parakh 
3:00  Efocboehamical  Kinetics  of  Silvar  Dissolution  in  Cyanide  391 
Solutiona  •  J.  Li  and  M.  E.  Wadsworth 
3:30  FHfoan-mlnuta  Intarmiaaion 

3:45  Thermodynamic  Equilibrium  Calculations  on  Au/Ag-  392 
Lixiviant  Syatama  Ralavant  to  Gold  ExbaeUon  from 
Compfox  Ores  -  X.-H.  Wang 

4:15  Gold  Leaching  and  Raeovary:  Tha  BromMa  Proeaaa  -  A.  393 
Dadgar  and  J.  Howarth 

4:45  Compfox  Technology  of  Efocboehamical  Water  394 
Traabnant  with  Ragenar  ation  of  Valuable  Components  in 
EfocboplaUng  Production  -  V.  A.  Kofosnikov,  E.  A. 
Shalyt.  and  P.  K.  Aarinola 


9:00 


WEDNESDAY  CONTINUED 

ELECTRO-ORGANIC  SYNTHESIS  WITH 
HOMOGENEOUS  AND  HETEROGENEOUS 
CATALYSTS 

Organic  and  Biological  Eiactrochamiatry 

D.  G.  Patara,  Chairman:  J.  E.  Toomay,  Jr.,  Vica- 
Chairman 

Promanada  Ballroom  B,  2nd  Laval 
0:00  Introductory  ramarkt  by  □.  G.  Patara 

9:05  MadiatadRaductivaDachlorinationofPCBa  in  Surfactant  414 
Oiaparalona  and  Microamulaiona  -  I.  U.  Haqua,  E.  C. 
Coutura,  S.  Zhang,  and  J.  F.  Rualing 
0:35  Elactrocatalytic  Hydroganation  at  Palladium  Black  415 
Elactiodaa  -  S.  J.  C.  Claghorn  and  D.  Platchar 
10:05  Tha  Elactrochamical  Raductlon  of  NItroaromatic  415 
Compounda  to  Aminaa  in  Baaic  Solutiona  at  Porous 
Matallic  Elactrodaa  -  J.  Laaaard,  M.-J.  Laasard,  Y. 
Coutura,  A.  Mortal,  and  C.  Roy 
10:35  Fiftaan-minuta  intarmiaalon 

10:50  Rola  of  Sutfida  Ion  aa  Madiator  in  tha  Elactroraduction  417 
of  Nitroaromatica  -  A.  Tandon,  P.  S.  Varma,  S.  K. 
Mukarji,  and  K.  N.  Tandon 

11:20  Indiract  Raductlon  of  Sulfonium  Salta  by  Maana  of  p-  418 
Accaptor  Radical  Aniona  (in  Liquid  Phaaa)  and  N-Dopad 
Elactroactiva  Polymara  (in  Solid  Phaaa);  Application  to 
Functionnalization  Raactiona  -  J.  Simonat,  P.  Martigny, 

H.  La  Dalt,  and  J.  Rautt-Barthalot 

J.  E.  Toomay,  Jr.,  Chairman;  0.  G.  Patara,  Vlca- 
Chalrman 

2:00  On  tha  ipao-Subatitution  in  Aromatic  Compounds  by  419 
Elactroganaratad  Radicals  -  H.  Lund,  K.  Pang,  and  Q. 

Chan 

2:30  Production  of  Pyrana  Quinona  by  Indiract  Elaetro-  420 
Osidation  of  Suspandad  Pyrana  •  T.  Nonaka,  A. 
Yoshiyama,  M.  Wakamatsu,  S.  Tsu/i.  and  I.  Okubo 
3  00  Fiftaan-minuta  intarmission 

3:15  Elactro-Oxidation  of  Propana  in  Aquaous  Zaollta  421 
Suspansions  -  J.  Z.  Stampla  and  0.  R.  Rolison 
3:45  Madiatad  Raduction  of  Aryl  Bromidas  at  Tin  Cathodas  -  422 

E.  G.  Gundarson,  E.  Kariv-Millar,  and  V.  Svatlicic 
4:15  Fluorida  Ion  Promotad  Anodic  Substitution.  423 
Ragiosalactiva  Anodic  Alkoxylation  of  Sulfidas  -  T. 
Fuchigami,  H.  Yano,  A.  Konno.  and  T.  Nonaka 


ELECTROCHEMISTRY  OF  HIGH  TEMPERATURE 
SUPERCONDUCTORS 
Physical  Elactrochamistry 

C.  Liabar,  Chairman;  J.  T.  McDavitl.  Vica-Chairman 
Room  26.  2nd  Laval 

9:00  Inlroductory  ramarks 

9:15  Prograta  in  Obtarving  Elactrochamical  Procassat  at  434 
Suparconducting  Elactroda/Molacular  Solvant  Intarfacas 
-  S.  R.  Pack.  L.  S.  Curtin.  L.  M.  F.  Tandar.  J.  N. 
Richardson,  and  R.  W.  Murray 

9:55  Low  Tamparatura  Elactrochamistry  on  High  T.  435 
Supareonductors  -  W.  J.  Loranz,  G.  Saamann-ltchanko. 
and  M.  W.  Braltar 
10:35  Fiftaan-minuta  intarmission 

10:50  Corrosion  Raacdvilias  of  Various  Coppar  Oxida  and  436 
Fullarsna  High  Tamparatura  Suparconduetor  Phaaaa  -  J. 

T.  McDavnt.  D.  R.  Rilay.  J.-P.  Zhou.  A.  Manthiram,  and 
D.  Jurbargt 

1 1 :30  Elactrochamical  Rais  Data  of  Suparconduetor  Matsrlals  437 
and  Thair  Lithium  lr»artion  Compounds  at  Elactrodas  ■ 

N.  A.  Flaisehsr  and  J.  Manattan 

J.  T.  McDavitl,  Chairman;  C.  Liabar.  Vies-Chairman 

2:00  Tha  SurftKS  Structurs  and  Elaelronie  Slaiss  of  High-Tc  438 
Supareonductors  by  STM  ■  C.  M.  Liabar  and  Z.  Zhang 
2:40  Physical  and  Chemical  Charaelarizatlon  of  439 
EtoetrodaposNsd  Suporeondueling  Bismuthalas  ■  M.  L. 
Norton  and  H.-Y.  Tang 
3:20  FHIsan-minula  intsrmiation 


3;35  Synthasis  of  Suparconducting  Films  via  an  440 
Elactrochamical  Pathway  -  A.  Waston,  N.  All,  and  S.  B. 
Lahrani 

3:55  Suparconduetor  Oxida  Films  via  an  Elacbodaposition  441 
Procass  -  R.  N.  Bhattacharya,  P.  A.  Parilla,  and  R.  D. 
Blaughsr 


FULLERENES:  CHEMISTRY,  PHYSICS  AND  NEW 
DIRECTIONS 

Physical  Elacbochamistry/Dialactrie  Scianca  and 
Tachnology/Elacbonics 

W.  Goddard,  III,  Chairman:  C.  Road,  Vica-Chairman 
St.  Louis  Ballroom  C.  4th  Laval 

9:00  Tha  program  and  absbacis  will  be  published  in  tha  April 
issue  of  tha  Journa/and  included  in  tha  program  booklet 
distributed  at  tha  Maabng. 

M.  Parinallo,  Chairman;  F.  WudI,  Vica-Chairman 

2:00  Tha  program  and  abstraels  will  be  published  in  tha  April 
issue  of  tha  Journal  and  included  in  tha  program  booklet 
distributed  at  tha  Masting. 

B.  Ball,  Chairman;  J.  Cioslowski,  Vica-Chairman 
Postsr  Sassion 

7:00  Tha  program  and  abstracts  wilt  be  published  in  tha  April 
issue  of  tha  Journal  and  included  in  tha  program  booklet 
distributed  at  tha  Masting. 


EIGHTH  INTERNATIONAL  SYMPOSIUM  ON  MOLTEN 
SALTS 

Physical  Elsctrochamistry/High  Tamparatura  Materials 

G.  Blomgran,  Chairman;  R.  Carlin.  Vica-Chairman 
St.  Louis  Ballroom  B,  4th  Laval 

9:00  Tha  Nature  of  Proton  in  Ambiant-Tsmparature  511 
Chloroaluminata  Moltan  Salts  -  R.  A.  Ostaryoung  and  P. 

C.  Trulova 

9.30  Tha  Chemistry  of  Proton  in  Ambiant-Tamparatura  512 
Chloroaluminata  Moltan  Salts  -  P.  C.  Trulova  and  R.  A. 
Ostaryoung 

9:50  Ionic  Equilibria  in  Ambient  Tamparatura  Moltsn  Salts- J.  513 
L.  E.  Campbell  and  K.  E.  Johnson 

10:10  Dual  Spin  Probe  NMR  RataxaUon  Studies  of  514 
MIcrodynamIcs  in  CMoroaluminaia  Malls  -  W.  R.  Carper, 

C.  E.  Kallar,  P.  A.  Shaw.  M  Parrish,  and  J  S.  Wilkes 
10:30  Tan-minuta  intarmission 

10:40  NMR  Maasuramants  in  Solutions  of  Diafcylimidazolium  515 
Haioaiumlnaiss  -  S.  Takahashi,  J.  Ralhka.  and  M.-L. 
Saboungi 

11:00  Tha  Elacbochamisify  of  Aluminum  and  Pralons  in  Room  516 
Tamparatura  Chkrrealuminala  Mollan  Salts  Buflarod  with 
Sodium  ChlerMo  -  T.  L.  Riochal  and  J.  S.  Wllkss 
1 1 :20  Raductlon  Potanttsis  for  LMMum  and  Sodium  in  Ambiant-  51 7 
Tamparatura  Chloroaluminala  Mollan  Salta  -  R.  T.  Carlin 

—  — fa  ^ - axat-  a^— aa - 

■no  90OfOfiiv*n0P07 

11:40  Physico-Chamieal  Bahavlor  and  liquid  Crystallina  518 
Ptoparbaa  of  Mollan  Alkali  MMal  .viiianaalsi  ■  T.  A. 
Mbnaya  and  S.  V.  VoRiov 

R.  Carlin,  Chairman;  G.  Blomgran.  Vtoa-Chairman 

2:00  Low  Tamparatura  Moltsn  Saft  Eloobotytaa  Baoad  on  519 
Ouatarnaiy  Alhytpboaphonlum  Salts  -  O.  E.  Blomgrsn 
and  S.  D.  Jonas 

2:20  Naw,  Stabla.  Ambiant-Tamparatura  MoRan  Salts  -  E.  I.  520 
Cooper  and  E.  J.  M.  O-SuWvan 

2:40  Mis^  Chtoroborata  and  Chloralumlnals  Room  521 
Tamparabira  Mans  -  R.  J.  Gala  and  J.  Lki 
3:00  Elaetrochamlatry  ofS.IO-AnthraquInona  In  tha  Praaanea  522 

Tamparatura  Mollan  SaRs  -  M.  T.  Cartar  and  R.  A. 
Ostaryoung 

3:20  Elaciroohamleal  Raductlon  of  AromaHe  Katonas  In  a  523 
Room  Tamparatura  MoRsn  SMI  -  G.  T.  Cheek 
3:40  Tan-mlnula  intarmission 


WEDNESDAY  CONTINUED 

3:50  StudiM  on  Charaetorittic*  of  Room  Tamparatura  Moltan  524 
Salta  AICI,-1 -butylpyridinium  Chlorida  -  N.  Kouia.  K. 

Uada,  and  K.  Takaithi 

4:10  Elactrodapoaition  of  Matala  from  Room-Tamparatura  525 
Chloroaluminata  Moltan  Salta  -  I.  Xu  and  C.  L.  Huasay 
4:30  Elactrodapoaition  of  Palladium  onto  Elactrodaa  from  526 
Acidic.  Nautrai,  Nautral-Buffarad.  and  Baaic  MEiC-AICI, 

Moltan  Salta  -  H.  C.  Dalong  and  J.  S.  Wilkaa 
4:50  Nuclaation  attd  Morphology  Studiaa  of  Aluminum  527 
Dapoaitad  from  an  Ambiant-Tamparatura 
Chloroaluminata  Moltan  Salt  -  R.  T.  Carlin.  W.  Crawford. 

T.-L.  Liu.  and  M.  Barach 

5:10  Ionic  Conductivity.  Tharmodynamiea  and  IR-  528 
Spactroacopy  of  Tatra-n-Pantylammonium  Thiocyanata- 
Banzoic  Acid  Syatam  -  A.  M.  Eliaa  and  M.  E.  Eliaa 

R.  J.  Gaia.  Chairman;  C.  Huaaay.  Vica-Chairman 
St.  Louia  Ballroom  H.  4th  Laval 

8  00  MAX  BREOIG  AWARD  ADDRESS:  Through  tha  Yaars  529 
and  Tamparaturaa:  Advanturaa  in  Moltan  Salt  Land  -  R. 

A.  Oataryoung 


QUANTUM  CONFINEMENT 
Naw  Tachnology  Subcommittaa/Elactronica/Dialactric 
Seianea  and  Tachnology 


THURSDAY, 


GENERAL  SESSION 

Corroaion 

B  R  MacDougall.  Chairman.  R.  G.  Kally.  Vica- 
Chairman 

Room  46.  4th  Laval 

9:00  Laaar  Initiatad  Corroaion  Pita  on  Aluminum  •  0.  Buzza  41 
and  R.  C  Alkira 

9  25  Tha  Charaetarizabon  of  Cravica  Solution  Chamiatry  42 
during  tha  Initiation  Staga  of  Cravica  Corroaion  -  B.  K 
Naah  and  R  G  Kally 

9:50  Straaa  Corroaion  Bahavfor  of  TIG  Wakfad  304  Stainlaaa  43 
Staal  -  S  -H.  Chan.  T.-P.  Chang,  and  I  -J.  Yang 

10  15  Tan-mlnuta  tntarmlaalon 

10:25  Laaar  Raman  Spaciroalactrochamical  Studiaa  of  Fa.  Ni.  44 
Cr.  and  Thair  Glaaay  Matal  Alloya  wHh  Phoaphorua  ■  M. 
Pankueh.  C.  A.  Malandraa.  J.  C.  Kang.  S.  Lahrani.  and  Y. 

S.  Li 

10:50  Surfaca  Analyaia  and  Corroaion  Studiaa  of  Iron-Baaad  45 
Matala  in  Para-Toluana  Sulfonic  Acida  ■  M.-Y.  Tang  and 
l.-J  Yang 

11  15  Film  Thieknaaa  Effaeta  on  Flaah-Ruating  Maaaurad  by  40 

Spactrophotomatry  and  Atomic  AbaorpUon  -  M.  R.  Van 
Da  Mark.  E.  SianawaU  and  N.  Maaon 
11:40  Tha  Analyaia  of  Atmoapharic  Corroaion  on  Fa  Particia  47 
Magnatic  Tapa  -  J.  F.  Danta  and  R.  O.  Kally 

J  A  Bardwafl.  Chairman;  P.  Kovaca.  Vica-Chairman 

2:00  Corroaion  of  Alloya  In  a  Marina  Environmant  undar  AC  48 
CondWona  •  M.  A.  Pagano.  W.-W.  Oiu.  and  S.  B.  Lahrani 
2:25  A  Modal  fM  tha  Evaluation  of  Elaetrochamical  49 
bnpadaneo  Spacfra  -  P.  Kovaca 

2:50  AnodinHon  of  Coppar  in  Elhylana  Glycol- Water  Mixtura  50 

-  A  Study  Uaing  MIcroalaetroda  -  J.  Oataryoung  and  K. 

WtkM 

3:15  FHtean-minute  Intarmitalen 

3:30  PolarizaHon  CharactertaUea  of  Ni  and  Inconal  600  in  51 
Aggraaahro  and  Inhibiihra  Acidic  Madia  -  A.  A.  Abd  El- 
Fallah.  E  M  Mabrouk.  H.  E.  Magahid.  and  M  Abd-AHah 


R.  Tau.  Chairman;  E.  Nicollian.  Vica-Chairman 
St.  Louia  Ballroom  F.  4th  Laval 

9:00  Tha  program  and  ababacta  will  ba  publiahad  in  tha  April 
iaaua  of  tha  Journal  and  includad  in  tha  program  booklat 
diatributad  at  tha  Maating. 

E.  Nicollian.  Chairman;  R.  Tau.  Vica-Chairman 

2:00  Tha  program  and  abatracta  will  bo  publiahad  in  tha  April 
iaaua  of  tha  Journal  and  included  in  tha  program  booklat 
diatributad  at  tha  Maating. 


MICROMACHINING  AND  MICROSTRUCTURES 
Naw  Tachnology  Subcommitlaa/ 
Sanaor/Elactronica/Dialactric  Science  and  Technology 

J.  N.  Zamal.  Chairman;  P.  W.  Barth.  Vice-Chairman 
Room  29.  2nd  Level 

9:00  Tha  program  and  abatracta  will  ba  publiahad  in  tha  April 
iaaua  of  tha  Journal  and  included  in  tha  program  booklat 
diatributad  at  tha  Maating. 

P.  W.  Barth.  Chairman:  H.  F.  Gray.  Vica-Chairman 

2:00  Tha  program  and  abatracta  will  ba  publiahad  in  tha  April 
iaaua  of  tha  Journal  and  included  in  tha  program  booklet 
diatributad  at  tha  Maating. 


MAY  21, 1992 


3:55  Corroaion  of  Mg  and  Ita  Alloy  in  Aquaoua  Mg(CI0,),  52 

Battery  Electrolyte.  A  RDE  Study  -  R.  Udhayan  and  D. 

P.  Bhatt 

4:20  Ellipaomatric  Study  on  Inhibition  Effect  of  Molybdate  for  53 
Cooling  Water  -  S.  F.  Xia.  Y.  R.  Yang,  and  Z.  Q.  Huang 


NINTH  SYMPOSIUM  ON  PLASMA  PROCESSING 
Dialacbic  Science  and  Technology/Elactronicc 

M.  Engalhardt.  Chairman:  M.  Sakina.  Vice-Chairman 
Promenade  Ballroom  C.  2nd  Laval 

Alumlnum/Alloy  Etching  (cont'd) 

9.00  Pattarn  Denaity  Effaeta  on  Corroaion  of  Aluminum  106 
Alloy/Rafractory  Matal  Intarconnacta  -  C.  Gabriel  and  R. 
Wallach 

9:20  Dry  Corroaion  Control  In  Aluminum  Etch  Uaing  0,/NH,  107 

in  Microwave  Downatraam  Plaama  -  S.  Mak  and  J. 
Hwang 

9:40  MicroconlaminatianRaduction  and  Corroaion  Pravantion  108 
for  Aluminum  Etch  Through  Loadlock  Improvamanta  -  E. 
DoLauranUa  and  J.  Hwang 

10:00  RfE-Ralatad  SIdawaH  Voiding  In  Al-Cu  Alloy  MatallizMIon  109 
for  ICa  -  T.  H.  Daubanapaek  and  H.  K.  Lae 

Tungaton  Etching 

10:20  WMar  Clamping  Ellacia  on  Elehback  of  evD  Tungatan  110 
FRma  -  L.  Shan,  L.  Wllaon,  and  Y.  Chu 
10:40  Machanlam  of  RoaMua  Formation  In  Low  Tamparatura  ill 
Tungaten  Inlareonnoel  Etch  -  U.  C.  Sridharan,  D. 
Hartman,  R.  HWigM,  and  M.  Kant 

11:00  A  Klr.atle  Study  of  Raaetiva  Ion  Etching  of  Tungatan  In  112 
SP/O,  RF  Plaamaa  -  M.-C.  Paignon,  C.  Cardbiaud.  and 
O.  Turban 

11:20  Optical  Emtaaloo  Studiaa  of  Etching  Tungatan  Siticida  113 
and  Polyailfcon  Filma  -  X.  Y.  Qian.  D.  J.  Hamkar,  and  G. 

W.  HWa 


THURSDAY  CONTINUED 


Dialactric  Etching 

11:40  Effact  of  Wafor-Avarago  and  Within-Dia  Polysilicon  114 
Pattarn  Oansily  on  Transistor  Gata-Langth  Oatinition  for 
Call-Basad  ASIC  CMOS  Dasigns  -  0.  Dimitralis,  M. 
Carnairo,  and  V.  Dunton 

D.  E.  Ibbotson.  Chairman;  J.  D.  Chappla-Sokol,  Vica- 
Chairman 

Dialactric  Etching  (eont'd) 

2:00  Raactor  Characterization  for  a  Process  to  Etch  Si,N,  115 
Formed  on  Thin  SiO,  -  P.  E.  Riley.  J.  C.  Sum,  and  D. 
Figuarado 

2:20  A  Sub-Half  Micron  Deep  UV  Integrated  Arc  Process  -  T.  110 
Ta.  K.  Reinhardt,  P.  Wastarfiald,  S.  Sethi,  E.  Capsuto,  J. 
Kochan,  R.  Fuller,  and  A.  White 

2:40  Photoresist  Swelling  in  Hydrogen-Containing  Freon  117 
Plasmas  -  Y.  Kuo 

3:00  Comparison  of  Nonlina  of  Sight  Resist  Ashing  Using  118 
'ficrowave  or  Radio  Frequency  Plasma  Generation  -  J. 

I.  McOmber,  J.  T.  Davies,  J.  Howden,  M.  Wright,  and  K. 

Saul 

3:20  Analytical  Study  on  the  Mechanism  of  High  Dose  Ion  119 
Implanted  Photoresist  Ashing  in  a  True  Downstream 
Plasma  -  X.  C.  Mu 

3:40  Selective  Etching  of  Bilayar  Photoresist  Using  Multipolar  120 
Electron  Cyclotron  Resonance  Source  -  S.  W.  Pang.  K. 

T.  Sung,  and  K.  K.  Ko 


PECVD 

4  00  Plasma  CVD  of  a-SiC:H  for  X-Ray  Mask  Membranes  121 
Using  a  Helical  Resonator  Discharge  -  A.  D.  Johnson.  D 
E.  Ibbotson.  and  J.  A.  Mucha 

4  40  Composition  and  Stability  of  Plasma-Deposited  122 
Fluorinated  Silicon  Nitride  Thin  Films  -  R.  Costantino,  C. 
Marinensi,  G.  Tigani.  and  A.  Zanobi 

5:00  Modeling  and  Simulation  of  Plasma  Enhanced  Chemical  123 
Vapor  Deposition  of  Silicon  Nitride  -  M.  Mazhar 
IslamRaja.  A  J  Bariya.  J.  P.  MeViltia.  M.  A.  Cappelli,  K 
C  Saraswat.  L.  Moberly.  and  R.  Lahri 


nFTH  INTERNATIONAL  SYMPOSIUM  ON  SlUCON- 
ON-INSULATOR  TECHNOLOGY  AND  DEVICES 
Elecbonics/Oleteetric  Science  and  Technology 

K.  Izumi.  Chairman:  S.  Cristoloveanu,  Vice-Chairman 
Promenade  Ballroom  E,  2nd  Level 

Materials  Quality 

8:50  Introductory  remarks 

9:00  Oislocabon-Frae  SIMOX  Substrates  -  A.  Yoshino  185 

9:40  Effects  of  High  Tamparabire  Anneal  Variables  on  SIMOX  188 
Films  -  K.  A.  Joyner.  M.  K.  El-Ghor.  H.  H.  Hosack,  and 
A.  K.  Ral 

10  00  The  Effects  of  HCI  in  SIMOX  Annealing:  A  Time  Series  187 

Esperiment  -  K.  A.  Joyner  and  G.  A.  Brown 
10:20  FItleen-mIrwife  Irrtermtsalon 

10:35  Post-Oxygon-Implant  Anneal  Effecta  on  SOI  Transistor  188 
Electrical  Charaderltllcs  -  G.  V.  Rouse,  R.  D.  Cherne. 
and  W.  A.  KruN 

10:55  A  Htgh-Quallly  SIMOX  Wafer  and  Rs  AppHcalion  to  189 
Ullralhin-Film  MOSFETs  -  S.  NakasMma.  V.  Omura.  and 
K.  Izumi 

11  15  TheENscIsofOeaaandTargalTempnratureonlheLow  190 

Energy  (70  keV)  SIMOX  Layers  -  Y.  Li.  J.  A.  KHnar.  R.  J. 
Chalsr,  P.  L.  F.  Hemmerrt.  A.  Nejlm.  A.  K.  Robinson,  K. 

J.  Rssaen.  C.  D.  Marsh,  and  O.  R.  Sookar 
1135  Eteh-Stop  Layar  in  SMeen  Produoed  by  bnplanlation  of  191 
Electrically  Inacllve  bnpurltlas  -  Q.-Y.  Tong,  Q  Cha,  H  - 
M.  You.  U.  Qessla.  and  0.  Fei)oo 

S  Cristoloveanu.  Chairman;  K.  Izumi.  Vice-Chairman 


2:00  SIMOX:  An  Efficient  Etch-Stop  to  Fabricate  Silicon  192 
Membranes  with  Well-Defined  Thickness  -  H.  Gassel,  H. 

G.  Dura,  W.  Mokwa,  and  H.  Vogt 

2:20  Reactive  Ion  Etching  of  SOI  (ZMR  and  SIMOX)  Silicon  in  193 
CF,  -I-  O,  and  SF,  +  O,  Plasmas  -  O.  W.  Purbo,  C.  R. 
Selvakumar,  and  D.  Misra 

2:40  Gettering  of  Bonded  SOI  Layers  -  H.-D.  Chiou,  F.  Secco  194 
d'Aragona,  and  E.  Strickland 

3:00  50  nm  Thick  SOI  Fabrication  by  Advanced  ELO:  Tunnel  195 

Epitaxy  -  A.  Ogura,  A.  Furuya,  and  R.  Koh 


SECOND  SYMPOSIUM  ON  THE  PHYSICS  AND 
CHEMISTRY  OF  SIO,  AND  THE  SI-SIO,  INTERFACE 
Electoonics/Dielectric  Science  and  Technology 

E.  H.  Poindexter,  Chairman;  N.  S  Saks.  Vice-Chairman 
Promenade  Ballroom  F.  2nd  Level 

Defects  and  Hot  Carrier  Induced  Damage  in  Si-SiO, 
Systems  I 

8:45  Generation  of  Telegraph  Noise  via  Single  Interfacial  253 
Defects  -  M.  J.  Uren  and  D.  H.  Cobden 
9:15  Single  Eleebon  Transfer  from  the  Channel  in  Sub-pm  254 
MOSFETs  to  an  Individual  Interface  Trap  -  M.  Schulz  and 
A.  Pappas 

9:45  ''O  Hyperfine  Study  of  the  P^  Center  -  J.  H.  Stathis.  S.  255 

Rigo,  and  I.  Trimailla 

10:15  The  Influence  of  Crystal  Orientation  and  Processing  256 
Conditions  on  the  Energy  Disbibution  of  Traps  at  the  Si- 
SiO,  Films  Interface  -  C.  H.  Bjorkman,  Y.  Ma.  T.  Yasuda. 
and  G.  Lucovsky 
10:35  Ten-mlnuta  Intermission 

M.  Schulz,  Chairman:  M.  A.  Stroscio.  Vice-Chairman 

Defects  and  Hot  Carrier  Induced  Damage  in  Si-SiO, 
Systems  II 

10:45  Charge  Trapping  and  Degradation  of  Thin  Dielectric  257 
Layers  -  M.  M.  Heyns,  A.  v.  Schwerin.  S.  Verhaverbeke. 
and  A.  Kellehar 

11:15  Charging  and  Discharging  Properties  of  Electron  Traps  258 
Created  by  Hot-Carriar-Injections  in  Gate  Oxide  of  n- 
MOSFET  -  D.  Vuillauma 

11:35  Optically  Induced  Nitrogen  Dangling  Bonds  in  259 
Amorphous  Silicon  NHride  Thin  Films  -  W.  L.  Warren.  J. 
Kanicki,  P.  J.  McWhorter,  end  E.  H.  Poindexter 

M.  Heyns.  Chairman;  D.  J.  DiMaria,  Vice-Chairman 

Radiation  and  Hydrogen  Induced  Effects  in  Si-SiO, 
Systems 

1:30  Impact  Ionization  and  Positivo  Charges  in  SiO,  -  D.  J.  280 
DiMaria.  D.  Arnold,  and  E.  Cartier 

2:00  Hot-Elecbon  Dynamics  in  SiO,  Studied  by  Photon-  281 
Induced  Eleebon  Transmission  Through  Thin  Films  -  E. 
Cartier,  E.  A.  Ekiund.  D.  Arnold,  D.  J.  DiMaria,  and  F.  R. 
McFealy 

2:20  Constant  Currant  Stress  Breakdown  in  Ulba  Thin  SiO,  262 
FHrrts  -  T.  Kubela,  D.  Apia,  and  K.  Saraswat 
2:40  Ten-minuto  intsrmissien 

2:50  Radlation-Induead  Intorface  Traps  in  MOS  Devices  -  N.  283 
S.  Saks  arrd  0.  B.  Brown 

3:20  Hydrogen  Rslatod  E'  Cantors  and  Positive  Charge  in  264 
bradiatod  Oxide  FHms  -  M.  E.  Sranut.  R.  E.  StahIbush, 

W.  E.  Cartoa,  wid  H.  L.  Hughas 

3:40  Mofacular  Orbital  Studies  of  Oxygan-Ralatad  Hole  Traps  265 
and  of  Thek  kiMraeliens  with  Hydrogen  Atoms  and 

ba—s— ,.,..8.— »  A  u  «o  - «  - 

MQIVCUm  *  A.  n.  COWBr^w 

4  00  Removal  of  Traps  in  Precess-Damagad  MOS  Sbuctures  286 
by  Reom-Tsmparabiro  HydrogonsMon  -  S.  Kar 
4;20  Hol-Elecbon  kidueed  Hydrogan  RsdMribution  in  SiO,  -  287 

0.  A.  Buchanan,  A.  Marwick,  L.  Ooii,  and  D.  J.  OiMarfa 
4:40  H,  Cracking  in  bradiatod  MOSFETs  and  H*  FormMion  -  288 

R.  E.  StahIbush  and  A.  H.  Edwards 


THURSDAY  CONTINUED 

STATE-OF-THE-ART  PROGRAM  ON  COMPOUND 
SEMICONDUCTORS  XVI 
Elacteonici/DWactric  Seianc*  and  Tachnology 

T.  Kamijoh,  Chairman;  D.  N.  Bucklay,  Viea-Chairman 
Room  43,  4th  Laval 

8:00  Tha  program  and  abatracia  vrill  ba  pubtiahad  in  tha  April 
iaaua  of  tha  Journal  and  includad  in  tha  program  booklat 
diabibutad  at  tha  Maating. 

A.  Katz,  Chairman;  Q.  Valeo,  Viea-Chairman 

2 :00  Tha  program  arid  ababaeta  vrill  ba  publiahad  in  tha  April 
iaaua  of  tha  Journal  and  ineludad  in  tha  program  booklat 
diabibutad  at  tha  Maating. 

JOINT  RECENT  NEWS  PAPER  SESSION 
Elaebonica/Dialaebie  Seianea  and  Taehnology 

L.  K  Whita,  Chairman;  D.  Bailay,  Viea-Chairman 
Promanada  Ballroom  A,  2nd  Laval 


8:00  Tha  Joint  Raeant  Navra  Papar  Program  vrill  ba  aant  to  all 
mambara  of  tha  Elaeboniea  and  Dialaetrie  Seianea  and 
Taehnology  Oiviaiona  in  April.  Copiaa  of  tha  Raeant 
Nawa  Papar  ababaeta  will  ba  availabla  at  tha  Saaaion. 

0.  Bailay.  Chairman;  L.  K.  Whita.  Viea-Chairman 

2:00  Tha  Joint  Racarrt  Navra  Papar  Program  vrill  ba  aant  to  all 
mambara  of  tha  Elaeboniea  and  Dialaebie  Seianea  and 
Taehnology  Diviaiona  in  April.  Copiaa  of  tha  Raeant 
Nawa  Papar  ababaeta  will  ba  availabla  at  tha  Saaaion. 


EUCTROCHEMISTRY  IN  MINERAL  AND  METAL 
PROCESSING  III 

Induabial  Elacbofyaia  and  Elaebochamical  Englnaaring 

P.  E  Riehardaon.  Chairman;  T.  J.  O'Kaafa,  Viea- 
Chairman 

St.  Louia  Ballroom  A.  4th  Laval 

8:49  A  Comparathra  EIS  Study  on  Carmat  and  Platinum  385 
Anodaa  for  tha  Etacbolyie  Produelion  of  Aluminum  -  C. 

P.  WIndlaeh.  Jr 

8:15  Solid  Matal  Raduetiva  Shipping  of  Carium  bom  Tri-n-  388 
Butyl  Phoaphata  -  T.  J.  O'Kaafa  and  J.  D.  Dillon  III 
8:45  Tha  Elaeboehamieal  Bahavior  of  Group  V  Elamanta  387 
during  Coppar  DapoaiUon  -  J.  B.  Hitkay  and  Y.  Maada 
10:19  FHIaan-mlnuta  Intarmiaaion 

10:30  Maaa  Tranaport  in  High-Currant-Danaity  Zine  388 
Elaebovrinning  -  K.  J.  Cathro 

11:00  Full-Seala  Hydrogan  Difhition  Anodaa  for  Immaraad  388 
Tank  Elaebovrinning  and  Elacbopiating  -  P.  C.  Foliar,  R. 

J.  Allan,  and  R.  Vora 

11:30  Cathodic  Raduelion  of  Hg(ll)-CI(l)  Complax  on  Ag-Hg  400 
Elacboda  •  O.  Yin 


ELECTRO-ORGANIC  SYNTHESIS  WITH 
HOMOGENEOUS  AND  HETEROGENEOUS 
CATALYSTS 

Organia  and  Biologieal  Elaeboehamlatry 

0.  G.  Patara,  Chairman;  J.  E.  Teomay,  Jr..  Vlea- 
Chabman 

Promanada  BaWraem  B,  2nd  Laval 

8:00  Uaa  Of  (2.2'-Elhylanabla(nilrilemathylidyna)  424 
dlphanolala|nl(halala(l)  aa  a  Homoganaoua  and 
Palymar  Ba^  Calalyat  far  RaducMen  of  Organic 
HMIdaa  -  0.  G.  Polara.  C.  E.  Dahm.  and  M.  S.  Mubarak 
8:30  Lang  LHO  Anton  Radtoala  bom  ArX  or  RX  Typa  428 
Campaunda:  Madtolara,  or  Ar  and  R  PtovWng 
Spaatoa?  Caaa  of  OS>o-Bta<aBtylaulphenyt)  Banianaa- 
J.  Stoienal 


10:00  Convaraion  of  •  laoSaboia  to  Piparonal  Uaing  420 
Elacboiyiically  Raeyclad  Highar  Oxidaa  of  Manganaaa  - 
J.  Qrimahaw  and  C.  Hua 
10:30  Fiftaan-minuta  intarmiaaion 

10:45  Machaniam  of  Elaebon  Tranafar  Activation  of  Organic  427 
Subabataa  in  tha  Praaanca  of  Organomatallie  Catalyata. 
Application  to  Homoganaoua  Catalyaia  undar  Raduetiva 
CondHIona  -  A.  Jutand,  C.  Amatora,  and  M.  Nialaan 
11:15  Etoebochamiaby  of  8,8’-Splrobifluorana  Darivativaa:  428 
2,2'-Diaealyl  8,0’-Spirobifluorana  -  L.  Maltialta  and  L. 
Rampazzo 

F.  M.  Havrkridga,  Chairman;  D.  Q.  Patara.  Viea-Chairman 

2:00  A  Study  of  Subabtutad  Catachola  aa  Elaebon  Tranafar  428 
Madialora  in  Elaeboeatalytie  Enzyma  Raactiona  -  T.  J. 

Moora  and  L.  A.  Coury 

2;30  Elacboraduetiva  Ctoavaga  of  tha  C-CI  Bond  of  8-  430 

Chlorofluoranaa  -  F.  Maran  and  E.  Vianallo 
3:00  FHIaan-minuta  intarmiaaion 

3:15  Elaeboehamieal  Bahavior  of  Cytochroma  c,  431 
Hildanborough  on  a  Gold  Elaeboda  -  B.  A.  Goraeka  and 

Q.  S.  Wilaon 

3:45  Tha  Anodic  Oxidabon  of  Hydrazonaa  -  M.  R.  Van  Da  432 
Mark.  E.-C.  Lin,  and  W.  Eldari 

4:15  Pin  Looaaning  in  Extarnal  Skalatal  Fixabon;  In  Vivo  433 
Elaeboehamieal  Impadanca  Study  of  tha  Pin  Bona 
intarfaca  -  O.  A.  Valav,  B.  H.  Palmar,  S.  Srinhraaan.  D.  A. 

Hulaa,  H.  W.  Sampaon,  and  W.  H.  Hyman 


ELECTROCHEMISTRY  OF  HIGH  TEMPERATURE 
SUPERCONDUCTORS 
Phyaieal  Elacbochamiaby 

M.  Norton.  Chairman;  J.  T.  McDavitt,  Viea-Chairman 
Room  20,  2nd  Laval 

8:00  Raaetivity  of  Compound  Supareonduetora;  Cuprataa.  442 
Bramuthataa,  Fullaridaa  -  B.  Millar  and  J.  M.  Roaamilia 
8:40  ConboHad  Room  Tamparatura  Formation  of  Waak  Link  443 
or  Joaaphaon  Junction  in  Thin  Film  YBa,Cu,0,.,  -  D. 

Cahan  and  Y.  Scolnik 
1 0:20  FHIaan-minuta  intarmiaaion 

10:35  High  Tamparatura  Elaeboehamieal  Bahavior  of  444 
YBa,Co,0,  Elacbodoa  on  Stabilizad  Zlrconia  Solid 
Elacbolyto  -  T.  M.  Qur  and  R.  A.  Huggina 
10:55  Elaeboehamieal  Raaponaa  of  YBa,Cu,0,  aa  a  Funebon  445 
of  Oxygon  Content  -  D.  R.  Rilay  and  J.  T.  McDavHt 
11:15  Application  of  High  Tamparatura  Elaeboehamieal  440 
Tachniquaa  to  YBa,Cu,0,.,  -  R.  V.  Kumar.  D.  J.  Fray,  J. 

E.  Evotta.  H.  W.  Williama.  and  A.  Miaaon 


FULLERENES:  CHEMISTRY.  PHYSICS  AND  NEW 
DIRECTIONS 

Phyaieal  Eloebochamiaby/Oialaetric  Seianea  and 
TachnologyMiacbonieo 

L.  Chiang,  Chairman;  0.  Bathuna,  Viea-Chairman 
SI.  Louia  Ballroom  C.  4th  Laval 

8:00  Tha  program  and  ababaeta  will  ba  publiahad  in  tha  April 
iaaua  of  tha  Journal  and  includad  in  tha  program  booklat 
diabibutad  at  tha  Maabng. 

S.  lijima.  Chabman:  C.  Liobor.  Vieo-Chairman 

2:00  Tha  program  and  ababaeta  will  bo  publiahad  in  tha  April 
iaauo  of  tha  Journal  and  ineludad  in  tha  program  booklat 
dialributod  at  tha  Maabng. 

K.  M.  Kadiah,  Chabman:  R.  S.  Ruoff,  Viea-Chairman 

7:00  Opan  DlaeuaatonAJda  Nawa 
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Abstracts 

XMMT  GENERAL  SESSION 
BaHery/Energy  Technology 

1  Experimental  Determination  of  the  Transport  Number  of 
Water  in  Nafion  117®  Membrane:  T.  F.  Fuller  and  J.  New¬ 
man,  Lawrence  Berkeley  Laboratory,  and  Dept,  of  Chemical  Engi¬ 
neering,  University  of  California,  Berkeley,  California  94720 

The  transport  number  of  water  in  Nafion®  117  membrane 
over  a  wide  range  of  water  contents  is  detemtined  experimentally 
using  a  concentration  cell.  The  transport  number  of  water,  the  ra¬ 
tio  is  about  1.4  for  a  membrane  equilibrated  with  saturated 
water  vapor  at  25°C,  decreases  slowly  as  the  membrane  is  dehy¬ 
drated.  and  falls  sharply  toward  zero  as  the  concentration  of  water 
approaches  zero.  The  relationship  between  the  transference  num¬ 
ber,  the  transport  number,  and  the  electroosmotic  drag  coefficient 
is  presented,  and  their  relevance  to  water-management  in  solid- 
polymer-electrolyte  fuel  cells  is  discussed.  Results  are  compared 
with  other  data  available  in  the  literature  and  with  the  theoretical 
maximum. 

2  High  Utilization  Gas  Diffusion  Electrodes  for  Proton  Ex¬ 
change  Membrane  Fuel  Cells:  E.  B.  Anderson,  E.  J.  Taylor, 

K.  Donohue,  and  N.  R.  K.  Vilambi,  PSI  Technology  Co.,  20  New 
England  Business  Center,  Andover,  MA  01810 

We  are  developing  an  electrochemical  catalyzation  (ECC) 
technique  to  prepare  high  utilization  carbon  supported  platinum 
electrocatalysts  for  proton  exchange  membrane  fuel  cells  (PEM- 
FCs)  We  prepared  anodes  and  cathodes  containing  <0.05  mg 
Pt/cm-  and  evaluated  their  performance  in  a  single  cell  PEMFC. 
For  the  anodes,  we  obser\e  equivalent  performance  as  with  un¬ 
supported  platinum  electrocatalyst  and  both  anodes  and  cathodes 
exhibit  improved  mass  and  specific  activities  due  to  improved 
platinum  utilization. 

3  Temperature  and  Pressure  Dependence  of  the  Electrode 
Kinetics  of  Oxygen  Reduction  at  the  Platinum  Microetec- 

trode/Nafion  Interface:  A.  Parthasarathy,  Dept,  of  Chemistry,  Col¬ 
orado  State  University.  Fort  Collins,  CO  80523,  S.  Srinivasan  and 
A  J.  Appleby,  Center  for  Electrochemical  Systems  and  Hydrogen 
Research.  Texas  A&M  University,  College  Station.  TX  77843- 
3402.  C  R  Martin,  Dept  of  Chemistrs',  Colorado  State  Universitv, 
Fort  Collins.  CO  80523 

Electrode  kinetics  of  oxygen  reduction  at  the  platinum/ 
.N'afion  interface  is  important  in  solid  polymer  electrolyte  fuel  cell 
research  Investigations  of  the  oxygen  reduction  reaction  at  a  plat¬ 
inum  microelectrode/Nafion  interface  were  previously  carried  out 
at  ambient  conditions.  Electrode  kinetic  parameters  for  oxygen  re¬ 
duction  at  fuel  cell  operating  conditions  are  now  necessary.  From 
the  temperature  dependence  study,  activation  energies  for  the 
oxygen  reduction  reaction  were  obtained.  From  the  pressure  de- 
pjendence  of  electrode  kinetics,  the  reaction  order  of  oxygen  was 
determined. 

4  Spontaneous  Hydrous  Oxide  Formation  on  Platinum  and 
Its  Relevance  in  Oxygen  Gas  Reduction:  L  D.  Burke,  J  K. 

Casey,  and  A  J  Morrissey.  Chemistry  Dept ,  University  College 
Cork.  Cork.  Ireland 

It  has  been  established  from  studies  of  the  interaction  of 
gaseous  oxygen  with  platinum  clusters  that  the  finely  divided  met¬ 
al  oxidizes  more  reanily  than  continuous  platinum  A  similar  ef¬ 
fect  was  reported  recently  for  platinum  in  aqueous  media.  Oxygen 
gas  reduction  in  acid  solution  at  finely  divided  platinum  surfaces, 
prepared  by  electrodeposition  or  wet  chemical  reduction  (Pt  on  C) 
techniques,  exhibits  significant  inhibition  until  the  spontaneously 
formed  incipient  hydrous  oxide  species  are  reduced. 

3  Effect  of  Platinum  Loading  on  Proton  Exchange  Membrane 
Fuel  Cell  Performance:  A.  C.  Ferreira,  S  Srinivasan,  and 
A  J  Appleby,  Center  for  Electrochemical  Systems  and  Hydrogen 
Rr-a-arch,  Texas  A&M  University.  College  Station.  TX  77843-3402 

The  objectives  of  this  work  are  to  attain  high  energy  efficien¬ 
cies  and  long  lifetimes  in  PEMFC  Performances  of  proton  ex¬ 
change  membrane  fuel  cell  with  porous  gas  diffusion  electrodes 
containing  Pt  loadings  0.4-10  mg/cm'  were  investigated.  Elec¬ 
trodes  with  5  and  10  mg/cm^  (unsupported)  of  Pt  showed  practi¬ 
cally  identical  performance.  ITie  performance  of  the  cell  with  2.5 
m^cm*  (unsupported  Pt)  of  Pt  is  somewhat  lower.  Single  cells 
with  carbon  supported  platinum  electrocatalysts  (0.4  mg/cm^. 
20%)  exhibited  cell  potentials  50-100  mV  lower  than  in  cells  with 
unsupported  Pt  electrocatalysts  at  the  same  current  densities. 

5  The  Hydragen  Diffusion  Porous  Electrode  Catalyzed  by 
TuMten  Cwbide:  Z.-E.  .’.u,*  A.-P.  Huang,  T.-G.  Zhong, 

and  G  -N.  Fang,  Dept,  of  Chemistiy,  East  China  Institute  of  Chem¬ 
ical  Technology.  Shanghai  (200237).  China 

In  the  weMly  polarized  region  of  the  hydrogen  diffusion  elec¬ 
trode  catalyzed  bv  WC  in  HCI  solution,  the  current  varies  linearly 
with  the  potential.  The  slopes  in  both  the  anodic  and  cathodic  re¬ 
gions  are  equal  In  the  moderately  jiolarized  anodic  region  there 


*An  asterisk  by  a  name  indicates  which  author  will  present  the 
paper. 


are  two  Tafel  lines  with  the  latter  slope  doubling  the  former.  The 
polarization  curves  of  both  rejrions  are  corelated  by  the  factor 
T/i„S*,  predicted  by  the  plate-like  model  of  thin  layers,  and  veri¬ 
fied  in  this  experiment. 

7  Optimization  of  Electrode  Structure  to  Further  Minimize 
the  Platinum  Loading  in  Proton  Exchange  Membrane  Fuel 

Cells:  A.  C.  Ferreira,  S.  Srinivasan,  and  A.  J.  Appleby,  Center  for 
Electrochemical  Systems  and  Hydrogen  Research,  Texas  A&M 
University.  College  Station,  TX  77843-3402 

One  of  the  promising  approaches  to  develop  and  commercial¬ 
ize  proton  exchange  membrane  fuel  cell  power  sources  for  electric 
vehicles  is  to  niinimize  the  platinum  loading.  Previous  work  on 
this  topic  showed  that  the  rfectrode  structure  is  of  vital  impor¬ 
tance  to  increase  the  platinum  utilization.  Improvements  in  the 
structure  of  porous  gas  diffusion  electrodes  are  being  made  by  op¬ 
timizing  the  composition  of  the  electrodes  (supports  electrocata¬ 
lyst,  Teflon  and  pore  formers)  and  using  the  rolling  method  for  the 
fabrication  of  fuel  cell  electrodes.  Platinum  loading  have  been  re¬ 
duced  from  0.4  mg/cm^  (state-of-the-art)  to  0.09  mg/cirP  in  this 
work.  The  fuel  cell  performances  with  this  reduction  demonstrate 
that  the  platinum  requirements  can  be  reduced  from  2.0  to  0.6 
g/kW.  The  cell  has  been  operated  at  current  densities,  as  high  as  in 
cells  with  high  Pt  loading  electrodes,  without  mass  transport 
problems. 

8  A  Thin  Film  Solid  Oxide  Fuel  Cell  Prepared  Using  Reactive 
DC  Magnetron  Sputtering:  Li.-S.  Wang  and  S.  A.  Barnett, 

Dept,  of  Materials  Science  and  Engineering,  Northwestern  Uni¬ 
versity,  Evanston,  IL  60208 

The  structure  and  properties  of  a  thin  film  solid  oxide  fuel  cell 
deposited  using  reactive  magnetron  sputtering  has  been  studied. 
The  thin  film  fuel  cell  is  composed  of  a  20  pm  thick  yttria-stabi- 
lized  zirconia  (YSZ)  tliin  film  electrolyse,  with  1  pm  thick  porous 
Ag-YSZ  cermet  cathode  and  Ni-YSZ  anode.  The  open-circuit  volt¬ 
age  on  the  H-,  H-O  (3%),  Ni-YSZIfYiOJo  ,(Zr02)o  jIAg-YSZ,  air  fuel 
cell  was  0.84  V  at  600°-800°C;  the  maximum  output  current  densi¬ 
ty  and  power  density  were  140  raA/cm-  and  30  mW/cm^  at  750°C. 

9  Effects  of  a  Sputtered  Film  of  Pt  on  Performance  of  Proton 
Exchange  Membrane  Fuel  Cells:  Electrode  Kinetic  and 

Morphological  Characteristics:  S.  Mukerjee,  S.  Srinivasan,  and 
A.  J.  Appleby,  Center  tor  Electrochemical  Systems  and  Hydrogen 
Research,  Texas  A&M  University,  College  Station,  TX  77843-3402 
Localization  of  Pt  electrocatalyst  as  a  sputtered  thin  film 
(50  A)  on  supported  electrocatalyst  (20%  Pt/C,  0,4  mg/cm*  load¬ 
ing)  have  been  known  to  exhibit  higher  performances  as  compared 
to  supported  electrodes  with  approximately  the  same  Pt  loading. 
This  study  compares  the  pressure  and  tem^rature  effects  on  the 
electrode  kinetics  with  and  without  the  sputtered  films.  The  re¬ 
sults  indicate  lower  pressure  and  temperature  effects  on  perfor¬ 
mance  of  electrodes  with  sputtered  films  as  compared  to  those 
without.  The  morphological  changes  of  the  electrodes  with  sputter 
deposition  have  also  been  examined  by  SEM/EDAX. 

10  Mechanism  of  Mixed  Fuel/Oxidant  Solid-State  Thin  Film 
Fuel  Cells:  B.  Af.  Coffey,  T.  O.  Poehler,  and  P.  C.  Searson, 

Dept,  of  Materials  Science.  Johns  Hopkins  University,  Baltimore, 
MD  21218 

The  fabrication  and  characterization  of  thin  solid-state  fuel 
cells  has  been  investigated.  These  devices  are  of  planar  construc¬ 
tion  with  a  substrate  mounted  inner  Pt  electrode,  separated  from  a 
porous  outer  Pt  electrode  by  a  solid  electrolyte.  Total  cell  thick¬ 
ness  is  less  than  1  pm.  A  gaseous  fuel/oxidant  mixture  is  fed  to  the 
porous  outer  electrode.  Potentials  of  up  to  700  mV  and  low  current 
densities  have  been  obtained  in  operation  with  Reference 

electrodes  have  been  incoiporated  into  experimental  cells  to  study 
potential  changes  at  the  inner/outer  electrodes,  as  a  function  of 
gas  partial  pressures,  with  the  objective  of  elucidating  the  mecha¬ 
nism  by  which  they  operate. 

11  New  Aspects  in  the  Development  of  Proton  Exchange 
Membrane  Electrolyzers:  K.  Ledieff,  F.  Mahlendorf,  and  A. 

Heinzel,  Fraunhofer-Institute  for  Solar  Energy  Systems,  Olt- 
mannsstrasse  22.  W-7800  Freiburg,  Germany 

For  solar  energy  systems,  long  term  energy  storage  with  a  high 
efficiency  is  required.  Hydroren  is  a  suitable  energy  carrier  and  its 

feneration  by  water  electrolysis  is  a  well-established  technique. 

Jectrolyzers  based  on  proton  exchange  membranes  are  known  for 
their  high  energy  density,  good  efficiency,  and  long  term  perfor¬ 
mance.  We  present  results  of  a  500  W  pressure  electrolyzer  (max. 
15  bar).  In  lab-scale  electrol^is  cells  maximum  currents  of 
15  A/cm'  have  been  realized.  These  advanced  electrodes  increase 
the  flexibility  substantially.  Low  installed  power  can  cope  with 
(>eak  currents  as  supplied  by  solar  cells  or  wind  turbines,  due  to  its 
excellent  overload  capabilities. 

12  Calorinietric  Concentration  and  Mass  Flow  Monitor  for  Gas 
Phase  Ozone:  P.  C.  Foller,  2000  Commonwealth  Ave.,  Unit 
1110,  Boston.  MA  02135 

An  inexpensive  calorimetric  ozone  mass  flow  and  concentra¬ 
tion  sensor  has  been  develofied  using  catalyzed  platinum  resis¬ 
tance  thermometer  elements.  A  heated  element  is  compared  with 
an  unheated  reference  to  yield  flow  rate,  and  a  catalyzed  element 
is  comjHired  to  a  reference  to  yield  concentration.  Stored  calibra¬ 
tions  ate  indexed  based  on  flow  rate,  and  then  concentration  is  de- 


THURSDAY  CONTINUED 

EIGHTH  INTERNATIONAL  SYMPOSIUM  ON  MOLTEN 
SALTS 

Physical  Elactrochamiatry/High  Tamparatura  Matarials 

H.  Kojima,  Chairman;  J.  R.  Salman,  Viea-Chairman 
St.  Louit  Ballroom  B,  4th  Laval 

S;00  Synthaaia  of  Molybdanum-Oopad  Alkalina  Matal  530 
Vanadium  Bronzaa  by  Moltan  Salts  Elscbolysis  -  Y. 
Kanako,  H.  Ishilunva,  and  H.  Kojima 
8:20  Elacbodapoaition  of  Molybdsnum  and  Molybdanum  531 
Carbida  Coatings  from  Oxida-Baaad  MoHan  Salta  -  J.  R. 
Salman.  B.  Aladjov.  aiKl  D.  Topor 

8:40  A  Noval  Pulsating  Currant  Tachniqua  Uaad  in  tha  Study  532 
of  Plabnum  and  Molybdanum  Elactrodaa  in  Moltan 
Siticatas,  Borataa,  and  Phoaphataa  -  J.  K.  Higgins 
10:00  Anodic  Reaction  on  Nickal  in  a  Moltan  CsF-NH,F-HF  533 
System  -  A.  Tasaka,  K.  Mizuno,  K.  Miki,  A.  Kamata,  H. 
Taruta.  W.  Sato,  and  K.  Yanagawa 
10:20  Tan-minuta  intermission 

10:30  Elaetrochamical  Formation  of  Thin  Carbon  Film  from  534 
Moltan  Chloride  System  -  Y.  Ito,  T.  Shimada,  and  H. 
Kawamura 

10:50  Malting  Behavior  for  Powdar/Hydratad  MaH(CaCI,.nH,0  535 
n:S.00, 7.35)  Coexisting  Systems  -  S.  Dski,  M.  Mizuhata, 

A.  Kajinami,  and  Y.  Kanaji 

11:10  Transfaranea  Numbers  in  Molten  Fluorides  by  an  536 
Operationally  Defined  EMF-Mathod  -  T.  Forland,  S.  K. 
Ratkja,  and  H.  Rajabu 

11:30  Thermodynamics  of  Li^O-LiF-CaF,  Malts  -  S  T.  G.  537 
Sampath  Kumar,  A.  Narayan,  and  R.  G.  Raddy 


J.  R.  Salman,  Chairman:  H.  Kojima.  Vice-Chairman 

2:00  Predominance  Area  Diagram  of  Niobium  Species  in  538 
Molten  LiCI-l-KCI  Eutectic  -  G.  S.  Picard  and  P.  Bocaga 
2:20  Thermogravimatric  Study  of  tha  800'C  Reaction  of  538 
Zitconia  Stabilizing  Oxides  with  SO,-NaVO,  -  R.  L.  Jonas 
2:40  Elacboanalyticat  Study  of  tha  Reduction  of  K,WCI,  In  540 
Moltan  LiCI-KCI  Eutectic  -  C.  A.  C.  Saquaira 
3:00  Elacbochamical  Behavior  of  Tantalum  in  Halida  Malts  -  541 

E.  Polyakov  and  L.  Polyakova 
3:20  Tan-minute  intermission 

3:30  Models  of  Alumina  Dissolution  in  Cryolite  -  R.  G.  542 
Havarcamp,  B.  J.  Welch,  and  J.  B.  Matson 
3:50  Tha  Effects  of  pH  and  Temperature  on  tha  Sbuctura  and  543 
Propartias  of  Moltan  Sn(2-t-)  DIcarboxylatas  -  T.  A. 
Ibidapo 

MICROMACHINING  AND  MICROSTRUCTURES 
New  Technology  Subcommittee/ 
Sensor/Elacbonics/Dialactric  Science  and  Technology 

H.  F.  Gray,  Chairman;  J.  N.  Zamal,  Vice-Chairman 
Room  28,  2nd  Laval 

8:00  Tha  program  and  abstracts  will  be  published  in  tha  April 
issue  of  tha  Journal  and  included  in  the  program  booklet 
distributed  at  the  Meeting. 

J.  N.  Zamal,  Chairman:  P.  W.  Barth,  Viea-Chairman 

2:00  Tha  program  and  absbacts  will  be  published  in  tha  April 
issue  of  tha  Journal  and  includad  in  tha  program  booklet 
distributed  at  tha  Meeting. 


FRIDAY,  MAY  22, 1992 


NINTH  SYMPOSIUM  ON  PLASMA  PROCESSING 
Dialacbie  Seianea  and  Tachnology/Elactronics 

J.  r*.  MeVittia.  Chairman:  G.  S.  Mathad,  Vice-Chairman 
Promenade  Ballroom  C.  2nd  Laval 

PECVD  (eonfd) 

8:00  Characterization  of  PECVD  Nitride  Films  Used  in  VLSI  124 
Appiieations  -  A.  K.  Stamper,  S.  L.  Pennington,  and  G. 

Bazan 

8:20  Deposition  of  Silicon  Nitride  Films  by  ECR-Enhancad  125 
eVD  -  J.  D.  Chappla-Sokol  and  D.  E.  Kotacki 
8:40  Plasma  Deposition  and  Characterization  of  Fluorinalad  126 
Silicon  Nibida  -  S.  V.  Nguyen,  D.  Dobuzinsky,  R. 
Gleason,  and  M.  Gibson 

10:00  Modeling  of  PECVD  TEOS  Oxida  Step  Coverage  Using  127 
an  Overhang  Sbuctura  -  C.  Chang.  J.  P.  MeVittia.  and  K. 

C.  Saraswat 

10:20  Low  Tamparatura  Deposition  of  SiO,  by  DECR-PECVD  -  128 

B.  Agius 

10:40  Effects  of  RF  Frequencies  and  Deposition  Rates  on  the  128 
Moisture  Resistance  of  PECVD  TEOS-Basad  Oxida  Films 
-  S.  A.  Roblas.  M.  Galiano,  and  B.  C.  Nguyen 
11:00  Formation  of  High  Quality  Tantalum  Thin  Films  on  SiO,  130 
by  Dual-Fraquancy-Excitalion  Plasma  Process  -  H. 
Wakamatsu,  S.  Aoyama,  J.  Watanaba,  N.  Konishi,  and  T. 

Ohml 


11:20  Controlof  Stress,  Stability,  and  Mechanical  Propartias  of  131 
PECVD  Dialacbie  Films  for  GaAs  and  Si  Applications  -  T. 

H.  Wu,  L.  A.  Schnagganburgar,  B.  van  Schravandijk,  B. 
Sparks,  A.  S.  Harrus,  and  D.  G.  Hammas 
11:40  Formation  and  Characterization  of  Zirconia  Films  by  132 
Plasma-Enhanced  Chemical  Vapor  Deposition  -  C.  C. 

Chan,  M.  M.  Nasrallah,  H.  U.  Anderson,  and  W.  J.  James 


FULLERENES;  CHEMISTRY,  PHYSICS  AND  NEW 
DIRECTIONS 

Physical  Elacbochamistry/Dialacbic  Science  and 
Tachnology/Elactronics 

S.  Saito,  Chairman:  D.  Lorants,  Vice-Chairman 
St.  Louis  Ballroom  C,  4th  Laval 

8:00  Tha  program  and  absbacts  will  be  published  in  tha  April 
issue  of  tha  Journal  and  Includad  in  tha  program  booklet 
disbibutad  at  tha  Meeting. 

M.  Schlutar,  Chairman;  H.  N.  Shinohara.  Vice-Chairman 

2:00  Tha  program  and  absbacts  will  be  publlshad  in  tha  April 
Issue  of  tha  Journal  and  includad  in  tha  program  booklet 
disbibutad  at  tha  Meeting. 
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termined  via  the  resistance  of  the  catalyzed  PRT.  Use  is  forecast  in 
multiple  remote  sensing  reporting  to  a  central  display,  a  task  not 
readily  accomplished  with  conventional  ultraviolet  spectrophoto- 
metric  technology. 

13  SPEFC  Development  at  the  Centre  for  Electrochemical  and 
Energy  Research,  SPIC  Science  Foundation;  5. 

Parthasarathy,  Contribution  from  the  Centre  for  Electrochemical 
&  Energy  Research,  SPIC  Science  Foundation,  Madras  600032, 
India 

SPEFC  development  has  been  initiated  at  SPIC  Science  Foun¬ 
dation,  as  SPEFC  is  an  ideal  candidate  for  transportation  for  a 
number  of  reasons.  This  paper  describes  the  work  in  progress  since 
1989  in  collaboration  with  CESHR,  Texas  A&M  University.  Con¬ 
siderable  progress  has  been  made  in  reducing  platinum  loading 
and  optimizing  the  process  for  fabrication  of  electrodes.  The  re¬ 
sults  of  characterization  of  electrodes  using  cyclic  voltammetry 
and  assessment  of  platinum  utilization  are  correlated  with  elec¬ 
trode  performance.  Hydrogen  Storage  Laboratory  setup  at  the 
Centre,  is  briefly  described. 

14  A  Model  for  the  Deliverable  Capacity  of  the  TiSi  Electrode 
in  a  Li/TiS]  Cell:  Z.  Mao  and  R.  E.  White,  Center  for  Elec¬ 
trochemical  Engineering,  Dept,  of  Chemical  Engineering,  Texas 
A&M  University,  College  Station,  Texas  77843-3122 

The  mathematical  model  for  porous  TiS^  electrodes  developed 
by  West  et  al.  has  been  reformulated  for  galvanostatic  discharge 
mode  and  has  been  extended  to  include  the  effect  of  the  electrol^e 
in  the  separator.  It  has  been  shown  that  use  of  a  thinner  separator 
would  result  in  a  considerable  increase  in  the  deliverable  capacity 
of  the  electrode.  In  order  to  predict  realistically  the  performance 
of  the  electrode  as  a  function  of  design  parameters,  it  is  shown 
that  the  effect  of  the  electrolyte  in  the  separator  should  be  includ¬ 
ed  in  the  mathematical  analysis. 

15  The  Rechargeable  Li,TiSi/LiAICl4/Li,.,Ca02  Solid-State 
Cell:  W  K.  Behl  and  E.  J.  Plichta,  U.S.  Army  Electronics 

Technology  and  Devices  Laboratory,  Fort  Monmouth,  NJ  07703- 
5601,  D.  Vuiic,  H.  S.  W.  Wang,  and  D  M.  Schleich,  Polytechnic 
Universitv.  Brooklyn,  NY  11201 

An  all  solid-state  cell  employing  lithium  tetrachloroaluminate 
(LiAlCl,)  as  the  lithium  ion  conducting  solid  electrolyte  and  using 
lithium  intercalating  compounds,  titanium  disulfide  (TiSj)  and 
lithium  cobalt  (III)  oxide  (LiCoO;),  as  the  electroactive  materials 
in  the  "rocking  chair  "  configuration  is  described.  The  cell  was  op¬ 
erated  at  lOO’C  and  exhibited  an  open  circuit  potential  of  2.1  V  in 
the  charged  state  The  cell  showed  excellent  discharge  characteris¬ 
tics  at  current  densities  up  to  0.1  mA/cm-  and  also  showed  no  sig¬ 
nificant  loss  of  capacity  over  one  hundred  charge-discharge  cy¬ 
cles. 

16  Electrochemical  Properties  of  Polyaniline  and  Substituted 
Derivatives:  P.  V.  Madsen,  T.  O.  Poehler,  J.  Gopal,  D.  O. 

Cowan,  and  P.  C  Searson,  Dept,  of  Materials  Science  and  Engi¬ 
neering,  Johns  Hopkins  University,  Baltimore,  MD  21218 

Polymerization  and  characterization  of  polyaniline  and  sub¬ 
stituted  derivates  are  described.  The  thickness  of  the  polymer  is 
studied  in  relation  to  the  polymerization  conditions.  The  charge 
capacity  from  the  current-potential  curves  of  each  polymer  is 
found  in  different  solutions  and  shows  linear  relationship  to  the 
thickness  of  the  polymer  over  a  wide  range  of  thicknesses.  The 
chemical  structure  of  these  polymers  has  been  determined  from 
XPS-data. 

17  Investigations  on  a  Novel  Zn/KOH/DDH  Primary  Cell  Sys¬ 
tem:  R.  Udhayan,  D.  P.  Bhatt,  and  P  B.  Mathur,  Central 

Electrochemical  Research  Institute.  Karaikudi-623  006,  India 
The  work  described  in  this  paper  relates  to  the  studies  on  a 
novel  alkaline  primary  cell  involving  N,N’-dichlorodimethyl-hy- 
dantoin  (DDH)  as  a  cathodic  depolarizer  and  the  commercial  zinc 
as  an  anodic  material.  The  novelty  of  the  system  lies  in  the  fact 
that  the  organic  cathode  material  employed  in  this  investigation 
pos!>esses  nontoxic  property  and  the  zinc  cel)  system,  reported 
here,  in  conjunction  with  DDH  shows  high  energy  density  of  212 
Wh(kg  of  DDH) '  at  the  higher  operating  voltage  of  -2.0  V.  Work¬ 
able  current  density  of  this  system  is  reported  up  to  the  figure  of 
13  mA  cm  - 

18  Low  Temperature  Removal  of  Hydrogen  Sulfide  from  Sour 
Gas  and  Its  Utilization  for  Rydrogm  and  Sulfur  Produc¬ 
tion;  K.  M.  Petrov,  S.  Srinivasan,  and  A.  J.  Appleby,  Center  for 
Electrochemical  Systems  and  Hydrogen  Research,  Texas  A&M 
University,  College  Station,  TX  77843-3402 

The  anodic  oxidation  of  sulfide  ions,  formed  by  scrubbing  H,S 
with  sodium  h^roxide  and  adjusting  the  pH  of  anolyte  with  more 
NaOH  to  a  pH  of  nearly  14  produced  polysulBde  ions.  In  this  cell 
the  cathc^e  was  pure  NaOH,  and  the  cathodic  product  was  hy¬ 
drogen.  The  sodium  polysulfide  was  transferred  to  a  separate 
chamber  throimh  which  HjS,  with  or  without  CO2,  was  passed 
Cr^talline  sulrare  is  produced.  The  filtrate  is  mixed  with  the  so¬ 
lution  obtained  by  hydrt^en  sulfide  scrubbing  and  returned  to  the 
electrolytic  cell.  Hydrt^n  and  sulfur  with  high  purity  are  pro¬ 
duced  at  low  cell  voltage  (E„ii  -  1  V)  and  at  a  high  current  density 
(i  I  300  mA/cm“)  This  investigation  demonstrates  that  the  process 
can  be  made  continuous 
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19  Direct  Electro-Oxidation  of  Methanol  in  Acid  Medium  at 
Modified  Electrodes  with  Low  Precious  Metal  Loadings: 

J.-M.  Leger,  G.  Melt,  and  C.  Lamy,  Lalmratoire  de  Chimie  1,  Elec- 
trochimie  et  Interactions,  URA  CNRS  No.  350,  University  de 
Poitiers,  86022  Poitiers,  France 

The  direct  electro-oxidation  of  methanol  in  acid  medium  is  an 
attractive  way  to  develop  fuel  cells.  For  practical  applications,  the 
metal  loading  must  be  decreased  and  the  electrocatalytic  activity 
increased.  Modified  electrodes,  using  ionomer  membranes  with 
low  platinum  loadings,  display  much  less  poisoning  than  bulk 
electrode.  By  adding  a  second  metal  (ruthenium  or  tin),  the  poten¬ 
tial  of  methanol  oxidation  shifts  negatively.  The  performances  are 
hugely  enhanced  by  feeding  methanol  from  the  gaseous  phase. 

20  The  Influence  of  Surface  Acid-base  Properties  of  Pt/C 
Catalysts  on  the  Electrochemical  Oxidation  of  Methanol: 

A.  S.  Arico,  V.  Antonucci,  and  N.  Giordano,  Institute  CNR-TAE, 
98126  S.  Lucia  Messina,  Italy,  P.  A.  Simonov,  Institute  of  Cataly¬ 
sis,  Novosibirsk  630090,  U.S.S.R.,  P.  L.  Antonucci,  University  of 
Reggio  Calabria,  Faculty  of  Engineering,  89100  Reggio  Calabria, 
Italy 

Pt  supported  carbon  black  catalysts  have  been  investigated  by 
surface  adsorption  measurements  and  cyclic  voltammetry  in  sulfu¬ 
ric  acid  and  methanol.  The  peak  potential  of  Pt  oxide  reduction 
showed  a  volcano-shaped  correlation  as  a  fimction  of  the  pH^pc 
with  a  maximum  at  about  pHjp.  =  6.  The  methanol  oxidation  pro¬ 
cess  showed  higher  overpotentials  for  catalysts  having  extreme 
pHjp,.  values.  This  behavior  may  be  interpretM  in  terms  of  differ¬ 
ent  metal-support  interactions. 

21  Carbon  Supported  Platinum  Alloy  Catalysts  for  Methanol 
Oxidation;  M.  Gauthier,  A.  Gelb,  E.  B.  Anderson,  and  E.  J. 

Taylor,  PSl  Technology  Co.,  20  New  England  Business  Ctr.,  An¬ 
dover,  MA  01810 

We  are  investigating  carbon  supported  platinum  alloy  electro¬ 
catalysts  for  methanol  oxidation.  The  alloy  electrocatalysts  were 
selected  from  the  binary  systems  Pt-Au  and  Pt-Ru  and  from  the 
ternary  system  Pt-Au-Ru.  We  are  preparing  the  electrocatalysts 
using  both  chemical  and  electrochemical  techniques  and  are  char¬ 
acterizing  the  alloys  using  TEM  and  XRD.  We  report  the  electro¬ 
chemical  activity  for  methanol  oxidation  as  a  function  of  alloy 
composition  and  chemical  vs.  electrochemical  preparation. 

22  Methanol  Oxidation  on  NiTi;  R.  Manoharan  and  J.  B. 
Goodenough,  Center  for  Materials  Science  and  Engineer¬ 
ing,  University  of  Texas,  Austin,  TX  78712-1084 

The  50-50  NiTi  ordered  all  which  is  stable  in  acid,  was  cho¬ 
sen  as  an  initial  candidate  in  a  search  for  platinum-free  alloy  elec¬ 
trodes  for  the  methanol-oxidation  reaction  (MOR).  We  report  ob¬ 
servation  of  the  MOR  on  this  alloy;  it  appears  to  proceed  at  surface 
0--ions  of  a  passivating  Ni-Ti  oxyhydroxide  film.  Electron  trans¬ 
fer  from  the  film  surface  to  the  electrode  is  argued  to  occur  via  a 
Ni3-2-  redox  band  in  the  passivating  layer. 

23  The  Effect  of  Specific  Adsorption  of  Anions  and  Cations 
on  the  Kinetics  of  Methanol  Electro-Oxidation  on  Pt  Single 

Crystal  Surfaces;  N.  Ross  and  N.  Markovic,  Materials  Sciences 
Div.,  Lawrence  Berkeley  Laboratory,  University  of  California, 
Berkeley,  CA  94720 

The  kinetics  of  the  electrochemical  oxidation  of  methanol  on 
Pt(ll  1)  and  Pt(lOO)  single  crystal  electrodes  were  studied  in  acid 
and  alkaline  electrolytes  containing  small  quantities  of  various 
ions,  both  cations  and  anions,  which  interact  to  varying  extent 
with  the  Pt  surface.  The  Pt  surfaces  were  prepared  in  open  hydro¬ 
gen-air  flame  and  in  UHV,  and  characterized  by  LEED  and  AES 
before  transfer  to  the  electrochemical  cell  via  a  differentially 
pumj:^  manifold.  Specifically  adsorbing  anions  like  bisulfate  and 
chloride  and  cation  like  cesium  have  a  strongly  negative  effect  on 
the  kinetics.  The  maximum  in  reaction  rate  in  acid  electrolytes 
(NHE)  is  shown  to  be  due  to  the  formation  of  a  critical  coverage  of 
adsorbed  anions,  and  not  due  to  the  formation  of  “Pt  oxid^’  as 
previously  supposed.  The  maximum  in  reaction  rate  in  the  alka¬ 
line  electrolyte  containing  cesium  is  observed  in  the  region  where 
Cs  is  incorporated  in  the  '°Pt  OH”  layer  which,  surprisingly  has  an 
inhibiting  rather  than  a  catalitic  effect  on  methanol  oxidation. 

24  Oxidation  of  Methanol  on  Single  Crystal  Platinum 
Electrodes  in  Sodium  Hytboxide  and  Sodium  Carbonate 

Solutions:  R.  Adiic,  N.  Marmkovic,  A.  Tripkovic,  and  N.  Markovic, 
Institute  of  Electrochemistry,  University  of  Belgrade,  NjegoSeva 
12,  Belgrade,  Yugoslavia 

Oxidation  of  methanol  on  platinum  in  sodium  hydroxide  and 
sodium  carbonate  solutions  has  a  pronounced  dependence  on  the 
crystallographic  orientation  of  the  electrode  surface,  contraro  to 
some  reports  in  the  literature.  The  rates  of  reaction  are  consider¬ 
ably  higher  than  in  acid  solutions.  The  (111)  oriented  surface,  due 
to  the  least  poisoning,  shows  the  highest  current  peak,  but  the  on¬ 
set  of  the  reaction  is  at  least  negative  potentials  for  the  (110)  sur¬ 
face  Different  Tafel  slopes,  obtained  from  slow  sweeps,  were 
found  for  Pt(l  1 1)  (120  mV/dec)  and  Pt(lOO)  (60  mV/dec).  Stepped 
surfaces,  vicinal  to  Pt(l  1 1)  cause  a  shift  of  the  onset  of  the  oxida- 
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tion  of  methanol  to  more  negative  potentials,  but  decrease  of  the 
current  peak.  Vicinals  of  Pt(lOO)  cause  increase  of  the  current 
peak,  without  effect  on  the  onset  of  the  reaction. 

25  Partial  Oxidation  of  Methane  on  YBa^CuiO.  Electrodes  in  a 
High  Temperature  Solid-State  Electrochemical  Cell:  T.  Af. 

Gtir,  Center  for  Materi2ds  Research,  Stanford,  CA  94305-4045,  H. 
Wise  and  R.  A.  Huggins,  Depart,  of  Materials  Science  and  Engi¬ 
neering,  Stanford  University,  Stanford,  CA  94305-2205 

Because  of  the  wide  oxygen  nonstoichiometry  and  fast  diffu¬ 
sion  rate  of  oxide  ions  exhibited  by  the  mixed-conducting 
YBajCusOi,  its  potential  as  an  oxidation  catalyst  for  methane  was 
examin^.  For  this  purpose,  a  solid-state  electrochemical  reactor 
was  employed,  in  which  a  YBajCusO,  electrode  was  deposited  on  a 
yttria-stabilized  zirconia  (YSZ)  solid  electrolyte.  A  porous  plat¬ 
inum  electrode  was  used  as  the  counterelectrode  in  contact  with 
air  Oxygen  needed  for  the  oxidation  of  methane  was  electrochem- 
ically  pumped  through  the  YSZ  solid  electrolyte  from  the  air  side 
onto  the  YBa.CuaO,  electrode  in  contact  with  methane.  Under 
electrochemically  controlled  conditions,  the  partial  oxidation  of 
methane  to  carbon  monoxide  and  methanol  was  achieved. 

26  Methanol  Oxidation  on  Platinum-Tin  Catalysts  Dispersed 
on  Poly(3-methyl)thiophene  Conducting  Polymer:  S. 

Swathirajan'  and  Y.  M.  Mikhail,  Physical  Chemistry  Dept., 
RCEL,  General  Motors  Research  Laboratories,  Warren,  Ml  48090- 
9055 

Platinum-tin  catalysts  were  electrodeposited  on  poly(3- 
methyUthiophene,  to  investigate  the  effect  of  Pt  loading  and  the 
catalyst  derasition  conditions  on  the  electrochemical  oxidation  of 
methanol.  The  Pt-Sn  catalyst  deposited  in  the  hydrogen  adsorp¬ 
tion  potential  region  showed  a  higher  surface  area.  Rutherford 
backscattering  spectrometric  studies  enabled  an  estimation  of  the 
thickness  and  the  distribution  of  the  catalyst  layer  in  the  conduct¬ 
ing  polymer  support.  Methanol  oxidation  currents  were  negligible 
at  catalyst  loadings  less  than  60  pg/cm- 

27  Methanol  Oxidation  on  Novel  Conductive  Polymeric 
Porphyrins:  D  MacArthur,  E.  Kubaszewski,  J.  Fish,  and  T. 

Malinski,  Dept  of  Chemistry,  Oakland  University,  Rochester,  Ml 
48309-4401 

The  characterization  and  catalytic  oxidation  of  methanol  on 
several  novel  polymeric  conductive  porphyrins  with  uridine,  pyri- 
dinium,  paracyefophane,  and  3-methoxy-4-hydroxy  substituents 
are  described.  Free  base  and  zinc,  cobalt,  nickel,  iron,  manganese, 
and  ruthenium  metalated  porphyrins  were  investigated.  Oxidation 
of  methanol  in  acidic  and  basic  media  was  studied.  A  significant 
shift  of  potential  and  a  high  steady  current  density  was  observed 
for  methanol  oxidation  for  several  of  these  polymeric  porphyrins. 

28  Nation  Supported  Catalysts  for  the  Electrochemical 
Oxidation  of  Methanol  in  Acid  Media:  A.  Kowalak,  Dept,  of 

Chemistry,  University  of  Mass-Lowell,  Lowell.  MA  01854,  W. 
O'Grady,  and  D  Rolison,  Code  6170,  Naval  Research  Laboratory. 

W  i.shin^on,  DC  20375 

We  have  studied  the  electrochemical  oxidation  of  methanol  in 
sulfuric  acid  and  trifluoromethanesulfonic  acid  (TFMSA).  The 
electrode  catalysts  used  were  mixtures  of  Pt-carbon  particles 
IPrototech  Co.)  in  Nation  supported  on  a  glassy  carbon  disk.  Data 
were  taken  at  room  temperature  and  60”C  with  IM  CHjOH  in 
HjSO,  or  TFMSA  of  various  concentrations  The  Prototech  in 
H jSO,  shows  lower  actirity  as  the  concentration  of  sulfuric  acid  is 
increased.  TFMSA  results  show  greater  activity  than  sulfuric  acid. 

29  In  Situ  FTIR  Characterization  of  Electrocatalysts  for  the 
Oxidation  of  Methanol:  W.  Vielstich,  T.  Iwasita,  F.  C.  Nart, 

and  B.  Lopes.  Institute  for  Physical  Chemistry,  University  of 
Bonn.  D-5300  Bonn  1.  Germany 

In-Situ  FTIR  spectra  have  been  taken  from  smooth  noble  met¬ 
al  catalysts,  suitable  for  methanol  oxidation  in  acid  solutions 
Starting  with  IM  methanol  solution  and  using  a  procedure  to  ob¬ 
tain  absolute  bands,  besides  linear-,  bridge-  and  multi-bonded 
CO.  for  the  first  time  a  band  due  to  adsorbed  COH  is  observed.  An 
81:15  Pt-Ru  alloy  shows  a  much  weaker  signal  of  the  CO  poison 
than  platinum.  COj-formation  starts  already  below  300  mV  RHE. 

At  the  same  CO  coverage  the  IB  absorption  frequency  is  shifted  to 
higher  wave  numbers  for  active  catalysts.  In  this  sense,  ternary  Pt- 
metal  combinations  showed  the  best  performance.  Current-poten¬ 
tial  plots  for  finely  divided  metal  on  carbon  are  given.  At  70°C.  150 
mA/cm-  are  obtained  already  below  +400  mV. 

30  Adsorption  and  Electro-Oxidative  Pathways  for  Small 
Organic  Molecules  on  Gold  and  Transition-Metal-Coated 

Gold  Electrodes  as  Probed  by  Beal-Tiine  Surface-Enhanced  Ra¬ 
man  Spectroscopy:  Y.  Zhang  and  M.  J.  Weaver,  Dept,  of  Chem¬ 
istry,  Purdue  University,  West  Lafayette,  IN  47907 

The  adsorption  and  electro-oxidation  of  methanol,  formic  acid 
as  well  as  carbon  monoxide  have  been  studied  on  gold,  platinum-, 
rhodium-,  and  ruthenium-  coated  gold  electrodes  by  means  of 
real-time  surface-enhanced  Raman  scattering  (SERS),  The  charge 
coupled  device  (CCD)  detector  used  now  makes  it  feasible  to  char¬ 
acterize  and  study  adsorbed  reactive  intermediates  produced  dur¬ 
ing  a  voltammetric  potential  excursion.  New  insif^ts  have  been 
gained  regarding  the  interfacial  reaction  pathways  followed  by 
the  archetypically  important  electrocatalytic  processes 
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31  Variable  Angle  In  Situ  FTIR  Reflectance  Spectroscopy  of 
High  Surface  Area  Electrodes:  A  New  Method  for  Studyii^ 

Electrocatalytic  Systems:  P.  W.  Faguy,  Dept,  of  Chemistry,  Uni¬ 
versity  of  Louisville,  Louisville,  KY  40292 

A  new  method  for  the  infrared  investigation  of  electrocatalyt¬ 
ic  reactions  on  high-surface  area  electrodes  is  described.  Variable 
angle  reflectance  spectroscopy  provides  a  tool  for  separating  the 
various  attenuation  and  scattering  components  associated  with 
the  reflection  of  infrared  light  from  a  high-surface  area  electrode 
under  potential  control.  The  potential  dependent  distribution  of 
the  products  of  the  direct  oxidation  of  methanol  on  Pt-carbon 
electrodes  is  measured,  in  situ,  using  this  technique. 

32  In  Situ  Infrared  and  Electrochemical  Studies  of  the 
Oxidation  of  Ethylene  on  Single  Crystal  and  Polycrystalline 

Platinum  Electrodes:  Q.  Zhao  and  E.  B.  Yeager,  Case  Center  for 
Electrochemical  Sciences  and  Dept,  of  Chemistry,  Case  Western 
Reserve  University,  Cleveland,  OH  44106 

The  adsorption  and  electro-oxidation  of  ethylene  at  different 
temperatures  nave  been  investigated  on  polycrystalline  platinum 
with  in  situ  FTIR  and  linear  sweep  voltammetry.  Linearly  ad¬ 
sorbed  carbon  monoxide  was  detected  as  the  main  adsorbed 
species.  A  small  amount  of  bridged  carbon  monoxide  was  also  de¬ 
tected  at  more  negative  potentials.  Raising  the  temperature  en¬ 
hanced  the  oxidation  kinetics  and  C — C  bond  rupture  of  ethylene 
adsorbed  on  the  electrode  surface.  The  oxidation  kinetics  have 
also  been  examined  on  the  low-index  surfaces  of  single  crystal 
platinum  and  found  to  be  siuTace  structure  dependent. 

33  Applications  of  Real-Time  Infrared  Spectroscopy  to 
Electrocatalysis  at  Bimetallic  Surfaces:  Electro-Oxidation 

of  Ethylene  Glycol  on  Bismuth-Modified  Pt(lll):  X.  Jiang  and 
Af.  J.  Weaver,  Dept,  of  Chemistry,  Purdue  University,  West 
Lafayette,  IN  47907 

The  influence  of  predosed  bismuth  upon  the  electro-oxidation 
of  ethylene  glycol  on  Pt(l  11)  in  O.lAf  perchloric  acid  is  examined 
by  means  of  voltammetry  combined  with  real-time  infrared  spec¬ 
troscopy.  It  was  found  that  two  major  oxidation  products,  oxalic 
acid  and  carbon  dioxide,  are  formed  via  distinct  reaction  path¬ 
ways.  The  predosed  bismuth  adatoms  significantly  alter  the  selec¬ 
tivity  of  the  model  electrocatalyst  in  that  the  production  of  carbon 
dioxide  increases  monotonically  with  the  bismuth  coverage  at  the 
expense  of  the  oxalic  acid  yield. 

34  Potential  Step  and  NAfR  Investigation  of  the  Oxidation 
and  Adsorption  of  Methanol  on  Platinum  Surfaces:  A. 

Wieefcotuski,  K.  Franaszczuk,  P.  Slezak,  C.  K.  Rhee,  and  P.  Zele- 
nay.  Dept,  of  Chemistry,  University  of  Illinois,  Urbana,  IL  61801 

The  rate  of  methanol  oxidation  on  smooth,  polycrystalline  Pt 
and  on  oriented  surfaces  was  investigated.  A  complex  pulse  se¬ 
quence  for  the  pretreatment  of  the  platinum  surface  was  applied 
to  seek  an  initially  clean  substrate.  The  effect  of  isotopic  substitu¬ 
tion  was  examined.  It  was  found  that  the  electrochemical  step 
alone  is  not  rate  determining  in  methanol  oxidation  process.  The 
initial  adsorption  step  should  be  taken  into  consideration.  Multi¬ 
ple  methanol-derived  CO  bonding  to  a  polycrystalline  platinum 
electrode  was  detected  in  in  situ  NMR  experiments  with  external 
control  of  the  electrode  potential. 

35  XAS  Studies  of  UPD  Metal/Pt  Electrocatalysts:  J 

McBreen,  Dept,  of  Applied  Science,  Brookhaven  National 
Laboratory,  Upton.  NY  1 1973 

X-ray  absorption  spectroscopy  (XAS)  results  were  obtained 
for  both  the  UPD  Cu  and  UPD  Sn  on  carbon  supported  FT  in  0.5Af 
H;SO,.  Spectra  were  recorded  at  the  respective  K  edges  of  the 
UPD  species  and  at  the  Lj  edge  of  the  Pt.  In  the  case  of  UPD  Cu 
the  adsorbed  species  is  in  the  Cu"'  state  and  there  is  a  partial 
charge  transfer  to  the  Pt.  UPD  Sn  is  associated  with  labile  oxygen, 
which  varies  reversibly  with  potential.  The  UPD  Sn  displaces  ad¬ 
sorbed  sulfate  species  and  has  no  effect  on  the  electronic  structure 
of  the  Pt. 

36  PremoDolayer  Fonnation  of  Active  Oxides  and  the  Role  of 
the  Latter  in  the  Oxidation  of  Small  Organic  Molecules: 

L.  D.  Burke,  D.  T.  Buckley,  and  J.  K.  Casey,  Chemistry  Dept.,  Uni- 
vers^  College  Cork,  Cork,  Ireland 

The  oxidation  of  methanol  at  low  potentials  on  platinum  in 
aqueous  media  is  inhibited  due  to  formation  of  deactivating 
species,  e.g.,  CO,*.  The  improved  performance  of  certain  alloys, 
e  g.,  Pt/Ru,  is  due  to  the  provision  of  active  oxide  species  (by  the 
second  component  in  the  mixture)  that  promote  conversion  of 
COri,  to  COj.  Evidence  for  the  formation  of  active  oxides  on  plat¬ 
inum  at  unusually  low  potentials,  and  their  role  in  electrocatalyt¬ 
ic  oxidations,  are  presented. 

37  Direct  Methanol  Fuel  Cells  with  Aqueous  Carbonate 
Electrolytes:  E.  J.  Cairns,  F.  R.  McLamon,  and  B.  R.  Rauhe, 
Lawrence  Berkeley  Laboratory,  Berkeley,  CA  94720 

In  a  study  of  the  effects  of  electrode  macrostructure  on  the 
performance  of  the  direct  methanol  fuel  cell  anode,  the  authors 
found  that  concentrated  Cs^COj  worked  well  as  an  intermediate- 
temperature  (100°-140°C)  electrolyte.  A  Pt/Ru  on  ^phitized  car¬ 
bon  catalyst  exhibited  much  higher  catalytic  activity  in  this  elec¬ 
trolyte  than  platinum  alone;  overpotential  was  reduced  approxi¬ 
mately  300  mV  at  10  mA/cm’  in  72  w/o  CsjCOj.  Results  indicate 
incomplete  utilization  of  catalyst  sites  due  to  poor  wetting.  Pre¬ 
sent  efforts  are  focused  on  modifying  Teflon  content  and  pore 
characteristics  to  increase  accessibility  of  the  catalyst. 
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38  A  Methanol-Aqueous  Carbonate  Fuel  Cell:  J.  A.  Kosek,  S. 
Sarangapani,  and  J.  Giner,  Giner,  Inc.,  Waltham,  MA  02154 

Methanol  adsorption  on  Pt,  measured  by  H,  displacement  in 
IM  K2CO3,  over  a  bulk  methanol  concentration  range  of  0.01- 
l.OM,  yielded  a  bell-shaped  potential  dependence.  Tafel  plots 
show  that  methanol  oxitfation  in  carbonate  has  better  kinetics 
than  in  an  acid  electrolyte.  Complete  methanol-oxygen  aqueous 
carbonate  fuel  cell  testing  yielded  iR-corrected  performance  of  up 
to  570  mV  at  150  mA/cm^.  The  absence  of  any  long-term  poisoning 
effects  was  demonstrated. 

39  Direct  Electrochemical  Oxidation  of  Methanol  Vapor  on 
Au-PEM  Electrode;  A.  S.  Lin  and  W.  E.  O'Grady,  Naval  Re¬ 
search  Laboratory,  Washington,  DC  20375 

The  study  of  gold  as  a  catalyst  on  proton  exchange  membrane 
has  demonstrated  the  enhancement  for  direct  electrochemical  ox¬ 
idation  of  methanol.  A  vapor  deposited  gold  thin  film  on  Nafion 
was  used  as  electrode  to  study  the  methanol  vapor  reaction.  An 
Astris  QUICKCELL*  unit  was  used  in  the  gas  fed  configuration. 
Oxidation  current  occurs  near  the  potential  of  Au  oxide  growth 
region.  The  result  suggests  that  the  active  sites  on  gold  surface  are 
not  deactivated  by  the  strongly  adsorbed  intermediates. 

40  Methanol  Electro-Oxidation:  Problems,  Progress,  and 
Prospects:  S.  Mukerjee,  S.  Srinivasan,  and  A.  J.  Appleby, 

Center  for  Electrochemical  Systems  and  Hydrogen  Research. 
Texas  A&M  University,  College  Station.  TX  77843-3402 

The  development  of  high  performance  direct  methanol  air  fuel 
cells  is  of  vital  importance  for  defense  and  civilian  applications.  In 
order  to  achieve  the  performance  levels  of  indirect  methanol  re¬ 
former  fuel  cells  (power  densities  >200  mW/cm-),  the  challenging 
problems  are  to  find  electrocatalysts  which  have  high  electrocat- 
alytic  activities  and  which  are  not  poisoned  bv  the  intermediates. 
Recently,  significant  advances  have  been  made  with  bifunctional 
electrocatalysts  utilizing  platinum  or  platinum-ruthenium  along 
with  refractory  metal  oxides  (Zr,  Ta,  Mo).  The  metal  or  the  alloy 
(Pt  or  Pt/Ru)  functions  as  the  electrocatalyst,  while  the  tatter  serve 
a.s  promoters  for  methanol  oxidation.  Furthermore,  amorphous 
metallic  alloys  (Pt  with  Pd,  Zr  or  Mo)  have  been  found  to  be  more 
stable  than  crystalline  counterparts  and  exhibit  higher  catalytic 
activities  Here  too  the  catalysis  are  bifunctional,  by.  providing 
active  O  or  OH  site.s  for  oxidation  of  intermediates  during 
methanol  o.Xidation,  Prospects  for  applications  of  these  electrocat¬ 
alysts  at  the  electrode/solid  polymer  electrolyte  interfaces  are  en¬ 
couraging  because  in  perfluorosulfonic  acids  an  increased  activity 
for  methanol  oxidation  has  been  demonstrated.  An  alternative  ap¬ 
proach  is  to  use  the  fluorinated  aids  as  additives  to  phosphoric 
acid  and  operate  the  cells  at  about  200^0. 


GENERAL  SESSION 
Corrosion 

41  I-aser  Initiated  Corrosion  Pits  on  Aluminum:  D.  Buzza  and 
fi  Atkire.  Dept  of  Chemical  Engineenng,  University  of  Illi¬ 
nois.  Urbana,  IL  61801 

A  focused  laser  beam  was  used  to  initiate  corrosion  pits  on 
09  999‘’(i  pure  aluminum  immersed  in  IM  NaCl,  pH  II  solution 
and  held  under  potentiostatic  control  The  shape  of  the  pits  as 
measured  by  a  post -electrolysis  3-D  SEM  method  was  compared 
with  the  measured  net  anodic  current  In  order  to  investigate  the 
shape  evolution  of  a  group  of  pits,  the  laser  initiation  technique 
was  adapted  to  initiate  ordered  arrays  of  pits 

42  The  Characterization  of  Crevice  Solution  Chemistry  during 
the  Initiation  Stage  of  Crevice  Corrosion;  B  K.  Nash  and 

R  G  Kelly,  Center  for  Electrochemical  Science  and  Engineering, 
Dept  of  Materials  Science,  University  of  Virginia.  Charlottesville. 
VA  22903 

This  work  is  concerned  with  identifying  the  mechanism  of 
crevice  corrosion  initiation  in  304  stainless  steel  It  has  been  sug¬ 
gested  that  acidification  of  the  crevice  solution  by  chromium  hy¬ 
drolysis  IS  not  the  mechanism  responsible  for  initiation,  but  that 
exceeding  a  critical  chlonde  and  thiosulfate  concentration  is  the 
condition  leading  to  depassivation.  Through  the  use  of  ion  chro¬ 
matography,  this  study  will  quantitatively  determine  the  crevice 
concentrations  of  sulfur  species  and  transition  metals  present  in 
actual  304  SS  crevice  solutions  during  the  initiation  period  The 
results  will  allow  an  assessment  of  the  critical  crevice  solution 
which  develops  prior  to  initiation  of  crevice  corrosion  in  304  stain¬ 
less  steel 

43  Stress  Corrosion  Behavior  of  TIG  Welded  304  Stainless 
Steel:  S.-H.  Chen.*  T.  P.  Cheng,  and  I.-J  Yang,  Materials 

Research  Laboratories.  Chutung,  Hsinchu,  Taiwan,  China 

The  sulfide  stress  corrosion  cracking  (SSCC)  of  TIG  welded 
304  stainless  steel  was  studied  by  slow  strain  rate  test  (SSRT)  in 
NACE  solutions  The  microhardness  test  of  welded  specimen 
showed  that  a  lower  hardness  region  was  obtained  in  the  heat  af¬ 
fected  zone  (HAZ)  in  comparison  with  those  in  fusion  zone  and 
base  metal  The  failure  time  of  the  welded  specimen  decreased 
with  the  increase  of  HjS  concentration.  Failure  was  found  at  the 
border,  which  had  a  maximum  hardness  value  of  190  Hv.  of  the 
he?t  affected  zone  and  the  fusion  zone  for  all  specimens  studied. 


44  Laser  Raman  Spectroelectrochemical  Studies  of  Fe,  Ni,  Cr, 
and  Their  Glassy  Metal  Alloys  with  Phosphorus:  M. 

Pankuch  and  C.  A.  Melendres,  Argonne  National  Laboratory,  Ma¬ 
terials  Science  and  Chemical  Technology  Div.,  Argonne,  IL  60439- 
4837,  J.  C.  Kang  and  S.  Lalvani,  Dept,  of  Mechanical  Engineering 
and  Energy  Processes,  Southern  Illinois  University  Carbondale,  IL 
62901,  Y.  S.  Li,  Dept,  of  Chemistry,  Memphis  State  University, 
Memphis,  TN  38152 

The  spectroelectrochemical  behavior  of  Fe,  Ni,  and  Cr  was 
studied  in  O.lSAf  NACl  solution  and  compared  with  their  glassy 
metal  alloys  with  phosphorus.  While  a  significant  alteration  in  the 
corrosion  and  anodic  dissolution  behavior  of  the  metals  is  ob¬ 
served  on  alloying,  the  composition  of  the  surface  films  formed  ap¬ 
pears  to  be  essentially  the  same.  FefOHh,  FesO,,  and  FeOOH  were 
found  on  the  Fe  surface  and  Cr,03  on  the  Cr.  No  evidence  of  phos¬ 
phate  incorporation  into  the  films  was  observed. 

45  Surface  Analysis  and  Corrosion  Studies  of  Iron-Based 
Metals  in  Para-Toluene  Sulfonic  Acids:  M.-Y.  Teng'  and 

I.-J.  Yang,  Materials  Research  Laboratories,  Chutung,  Hsinchu, 
Taiwan,  China 

Potentiodynamic  and  surface  analysis  techniques  were  per¬ 
formed  to  evaluate  the  corrosion  properties  of  metals  in  para- 
toluene  sulfonic  acids.  A  typical  polarization  curve  showed  the  ac¬ 
tive,  passive,  and  transpassive  regions  were  observed,  with  the  ex¬ 
ception  of  the  electrochemical  behavior  of  pure  iron.  The  passive 
current  densities  were  substantially  reduced  when  Fe  alloyed  with 
Cr  or/and  Ni  due  to  the  enrichment  of  Cr  content  in  the  passive 
films.  Surprisingly,  the  critical  current  densities  of  pure  Fe  de¬ 
creased  with  increasing  of  PTSA  and  a  pseudo-passive  range  was 
observed. 


46  Film  Thickness  Effects  on  Flash-Rusting  Measured  by 
Spectrophotometry  and  Atomic  Absorption;  M.  R.  Van  De 

Mark,'  E.  Sianawati,  and  N  Mason.  Dept,  of  Chemistry  Univer¬ 
sity  of  Missouri-Rolla,  Rolla,  MO  65401 

The  use  of  latex  paint  on  ferrous  substrates  usually  results  in 
the  formation  of  corrosion  products  denoted  as  flash  rusting.  This 
paper  entails  further  evaluation  of  spectral  reflectance  measure¬ 
ments  as  a  new  method  of  qualification  of  flash  rusting.  The  spec¬ 
tral  method  is  compared  to  atomic  absorption  analysis  and  usM  to 
study  latex  paint  thickness  effects  on  corrosion,  (forrelations  are 
also  made  with  respect  to  the  coatings  adhesion.  Both  uninhibited 
and  post  added  inhibited  coatings  were  used. 

47  The  Analysis  of  Atmospheric  Corrosion  on  Fe  Particle  Mag 
netic  Tape;  J.  F.  Dante  and  R.  G.  Kelly,  Center  for  Electro¬ 
chemical  Sciences  and  Engineering,  Dept,  of  Materials  Science 
and  Engineering.  University  of  Virginia,  dharlottesville,  VA  22903 

The  degradation  of  metal  particle  magnetic  recording  tape 
during  atmospheric  exposure  has  been  studied.  Corrosion  rates 
were  measured  using  a  quartz  crystal  microbalance  (QCM).  The 
composition  of  the  adsorbed  electrolyte  layer  has  been  analyzed 
using  ion  chromatography  The  effects  of  relative  humidity,  tem¬ 
perature.  pollutant  gas  type  (SO-,  NO;,  and  CI2)  and  concentra¬ 
tions  were  investigated,  TTie  individual  contributions  of  the  degra¬ 
dation  of  the  various  component:  of  the  tape  on  the  degradation  of 
performance  are  presented  and  discussed 

48  Corrosion  of  Alloys  in  a  Marine  Environment  under  AC 
Conditions:  M.  A.  Pageno,  W-W.  Qiu,  and  S.  B.  Lalvani. 

College  of  Engineering  and  Technology,  Southern  Illinois  Univer¬ 
sity,  Carbondale.  IL  62901 

Sinusoidal  alternating  voltage  (AV)  was  used  to  study  the  ef¬ 
fects  of  periodic  fields  on  the  corrosion  of  1018  carbon  steel  and 
90/10  Cu/Ni  in  simulated  seawater.  Experimental  data  show  that 
under  the  influence  of  AV,  the  corrosion  rate  of  carbon  steel  in¬ 
creases  with  applied  peak  voltage  then  decreases  in  the  range  100- 
600  mV.  Increasing  the  voltage  above  600  mV  results  in  an  expo¬ 
nential  increase  in  corrosion  rate.  For  90/10  Cu/Ni,  the  corrosion 
rate  increases  monotonically  with  applied  voltage  (C-1500  mV).  To 
help  understand  this  phenomena,  other  types  of  experimental 
analysis  were  performed:  (i)  potentiodynamic  polarization,  (ti) 
characterization  of  corroded  specimens  with  SEM  and  EDS,  and 
lUi)  computer  modeling  of  the  corrosion  system  based  on  dc  polar¬ 
ization  results.  Additional  effects  of  frequency  and  rectification  of 
signals  are  also  determined  and  discussed. 

49  A  Model  for  the  Evaluation  of  Electrochemical  Impedance 
Spectra:  P.  Kovacs,  Orthopaedic  Research  Dept,,  Smith  & 

Nephew  Richards,  Inc.,  Memphis,  TN  38116 

As  the  evaluation  of  electrochemical  impedance  spectra  is 
model -dependent,  there  is  a  need  for  general  models  that  can  be 
applied  to  a  variety  of  systems  and  have  the  necessary  physical 
meaning,  too.  Employing  only  circuit  elements  that  can  be  related 
directly  to  single  physical  processes,  a  model  is  proposed  in  this 
paper,  and  it^eneral  applicability  is  demonstrated  by  a  number 
of  examples,  llie  model,  which  takes  into  account  the  presence  of 
diffusion  zones  with  and  without  electrochemical  reactions,  seems 
to  be  very  useful  for  the  evaluation  of  the  electrochemical 
imp^ance  spectra  of  both  active  and  passive  metals  and  alloys. 
The  interpretation  of  the  results  on  extremely  corrosion  resistant 
materials  like  surgical  implant  alloys  may  also  become  less  diffi¬ 
cult,  despite  the  more  complex  nature  of  the  spectra. 
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30  Anodization  of  Copper  in  Ethylene  Glycol-Water  Mixture. 
A  Study  Using  Microelectrode:  J.  Osteruoungf,  and  K. 

Wikiel,  Dept,  of  Chemistry,  SUNY  at  Buffalo.  Buffalo  i4y  14214 
Anodization  of  copper  ultramicroelectrode  in  50%  ethylene 
glycol-water  mixture  in  the  presence  of  chloride  ions  was  studied 
by  means  of  normal  and  reverse  pulse  voltammetry,  and  constant 
potential  step  methods.  Anodic  behavior  of  copper  in  the  presence 
of  chloride  ions  in  ethylene  glycol-water  solution  does  not  basical¬ 
ly  differ  from  the  behavior  in  pure  chloride  ion-water  system.  The 
product  of  anodic  dissolution  of  copper,  in  solutions  containing 
more  than  0.05M  chloride  ion,  is  the  soluble  dichlorocomplex  of 
monovalent  Cu.  provided  that  the  oxidation  overpotential  is  not 
very  high  and  the  potential  is  not  applied  to  the  electrode  for  a 
long  time  (milliseconds  time  scale).  Tlie  analysis  of  the  plot  of  po¬ 
tential  shift  vs.  log  chloride  concentration  gives  the  coordination 
number  of  copper  chlorocomplex  as  2  and  the  stability  constant  of 
CuClj  complex,  in  ethylene  glycol-water  mixture,  as  log  =  5.6. 

31  Polarization  Characteristics  of  Ni  and  Inconel  600  in 
Aggressive  and  Inhibitive  Acidic  Media:  A.  A.  Abd  El-Fat- 

tah.  E.  M  Mabrouk,  H.  E.  Megahidy  and  M.  Ahd-Allahy  Chemistry 
Dept..  Faculty  of  Science.  Zagazig  University,  Benha,  Egypt 

The  pitting  corrosion  potential  of  niclcel  and  Inconel  60u 
varies  with  the  concentration  of  Cl'  ions  according  to  a  segmoidal 
S  shaped  curves.  These  curv'es  were  explained  on  the  basis  of  for¬ 
mation  of  passivatable,  active,  and  continuously  propagated  pits 
depending  on  the  range  of  Cl'  ion  concentration.  Addition  of 
the  sodium  salts  of  chromate,  tungstate,  molybdate,  phosphate 
dibasic,  and  carbonate  shifts  the  pitting  potential  of  the  electrode 
samples  to  noble  direction  denoting  increased  resistance  of  pitting 
attack. 

.32  Corrosion  of  Mg  and  Its  alloy  in  Aqueous  Mg(C104)2  Battery 
Electrolyle-A  RDE  Study:  R.  Udhavan  and  D.  P.  Bhatt, 
Central  Electrochemical  Research  Institute.  Karaikudi-623  006, 
India 

This  paper  reports  the  first  results  pertaining  to  the  corrosion 
aspects  of  majmesium  and  its  AZ  31  alloy  in  aqueous  Mg{Cl04)2 
batter\’  olectrocvtc  employing  a  versatile  RDE  technique.  FYom  the 
current-potential  profiles,  the  pitting  potential  regions,  kinetic 
currents,  etc.,  have  been  determined,  and  the  results  have  been 
discussed  in  terms  of  the  film  formation  and  the  convective  diffu¬ 
sion  controlled  mechanisms.  Interestingly,  the  mechanism  of  the 
dissolution  process  has  been  found  uniform  at  all  the  chosen  po¬ 
tentials  which  IS  con.sidered  as  an  important  criteria  from  the 
viewpoint  of  balter\'  application. 

33  Ellip.sometric  Study  on  Inhibition  Effect  of  Molybdate  for 
Cooling  Water:  S.  F.  Xie.  Y.  R.  Yang,  and  Z.  Q  Huang, 
Dept,  of  Applied  Chemistry.  Chongqing  University  Chongqing. 
H3(l044.  China 

In  consideration  that  it  is  difficult  to  obtain  information  about 
processes  through  the  electrochemical  method,  this  paper  de¬ 
scribes  the  investigation  of  the  inhibition  effect  of  cooUng  water 
through  the  ellipsomotnc  technique.  The  optical  constant,  thick¬ 
ness  of  film,  and  coverage  are  calculated  from  measured.  The 
inhibition  mechanism  is  also  discussed  in  detail. 


CATHODIC  PROTEaiON  SYSTEMS 
Corrosion/lndosfriol  Electrolysis  and  Electrochemical  Engineering 

54  Influence  of  AlsFe  Intermetallic  Inclusions  on  Depassiva¬ 
tion  of  At-6061  Alloys:  C  -H  Patk  and  R.  C.  Alkire,  Dept, 
of  Chemical  Engineering  and  Materials  Research  Laboratory.  Uni¬ 
versity  of  Illinois.  Urbana.  IL  61801 

Pitting  of  aluminum  alloy  {A!-6061-T6)  in  0.1  M  NaCl  begins  at 
the  edges  of  Al  iFe  inclusions,  w’here.  due  to  the  facility  of  oxygen 
reduction  on  the  inclusions,  the  local  pH  can  reach  high  values 
and  cause  depa.ssivation  of  the  adjacent  Al  phase  To  simulate  the 
Ifwalized  corrosion,  sectioned  electrod€»s  have  been  fabricated  con¬ 
sisting  of  AI  .Fp  (diameter  10  -  100  pm)  embedded  in  the  center  of 
and  insulated  from  an  Al  disk.  The  pH  distribution  around  an  ar¬ 
tificial  Al,Fe  inclusion  was  monitored  by  using  a  tungsten  pH  mi- 
crosensor  (tip  diameter  <  I  pm)  The  pH  sensed  0.25  mm  above  an 
ALFe  electrode.  A^as  found  to  increase  to  12. 

35  Oxygen  Reduction  on  Steel  in  Basic  Aqueous  So^  \  with 
Relevance  to  Disbonding  of  Coatings  from  C'a  lically 
Protected  Steel:  D  Gervasio  and  J.  H.  Payer.  Dept,  of  Material 
Science  and  Engineering.  Case  Western  Reserve  University.  Cleve¬ 
land.  Ohio  44 106-7204 

The  mechanism  of  oxygen  reduction  on  calhodically  protected 
steel  is  being  examined  as  an  important  part  of  a  project  to  devel¬ 
op  an  improved  model  for  the  cathodic  disbonding  of  protective 
coatings  steel  pipelines  arc  protected  '’•om  corrosion  by  a 

combination  of  an  insulating  coating  and  cathodic  polarization. 
The  electrochemical  and  chemical  processes  accompanying  ca¬ 
thodic  protection  can  lead  to  a  loss  of  adhesion  between  the  steel 
and  the  protective  coaling,  i.e.,  cathodic  disbonding.  Oxygen  re¬ 
duction  was  examined  using  a  rotating  ring  disk  electrode 
(RRDE)  At  400  rpm.  oxygen  reduction  occurred  between  -0.2  and 
-12  V  vs.  SCE  on  an  ASTM  A516  steel  disk  in  aqueous  borate 
buffer  (pH  =  9  8)  with  1  atm  oxygen  over  solution.  The  peroxide 
fjxidation  current  on  the  Au  ring  was  greatest  when  the  disk  po¬ 


tential  was  at  -0.5  V  and  was  on  the  order  of  several  percent  of  the 
oxygen  reduction  current.  Peroxide  is  chemically  reactive  and  may 
adversely  affect  protective  coatings  on  cathodically  protected  sur¬ 
faces.  The  peroxide  generation  must  be  addressed  in  any  mecha¬ 
nism  for  cathodic  disbonding. 

56  Formation  of  Calcareous  Deposits  on  Cathodically  Protect¬ 
ed  Steel  in  Seawater:  R.  E.  White,  J.-F.  Yan,  and  T.  V. 
Nguyen,  Dept,  of  Chemical  Engineering,  Texas  A&M  University, 
College  Station,  TX  77843-3122  and  R.  B.  Griffin,  Dept,  of  Me¬ 
chanical  Engineering,  Texas  A&M  University,  College  Station,  TX 
77843 

Cathodic  protection  has  been  recognized  as  an  effective 
method  for  protecting  offshore  structures  from  corroding.  One 
feature  associated  with  the  marine  cathodic  protection  is  the  for¬ 
mation  of  calcareous  deposits  on  cathodically  protected  surfaces. 
These  porous  deposits,  mostly  CaCOs  and  Mg(OH)2,  reduce  ca¬ 
thodic  current  requirements  by  decreasing  the  active  surface  area 
involved  in  cathodic  reactions  such  as  oxygen  reduction  and  hy¬ 
drogen  evolution.  A  rotating  disk  electrode  technique  was  used  to 
grow  calcareous  deposits  on  low  carbon  steel  in  artiheial  seawater 
in  the  laboratory.  Scanning  electron  microscopy  was  used  to  ana¬ 
lyze  the  composition  and  morphology  of  the  deposits.  A  mathe¬ 
matical  model  was  also  developed.  The  effects  of  rotation  speed, 
electrode  potential  and  seawater  chemis^,  such  as  pH  and  dis¬ 
solved  oxygen,  are  included  in  the  model.  The  drop  in  current  den¬ 
sity  with  time  predicted  by  the  model  agrees  well  with  the  experi¬ 
mental  results 

57  Some  Results  of  Cathodic  Polarization  Experiments:  M.  de 

Lourdes,  M.  Magalhaes,  and  L.  Sathler,  Lab.  de  Corrosao 
“Prof.  Manoel  de  Castro”  UFRJ,  Rio  de  Janeiro.  Brazil 

Cathodic  protection  has  been  proving  to  be  an  effective 
method  to  reduce  the  corrosion  of  structures  in  marine  environ¬ 
ment.  One  consequence  of  protecting  a  metal  structure  in  seawater 
by  this  method  is  the  formation  of  calcareous  deposits  that  usual¬ 
ly  modify  the  conditions  for  this  protection.  This  paper  is  a  contri¬ 
bution  to  the  study  of  kinetics  development  in  the  surface  of  po¬ 
larized  steel  in  natural  seawater. 

58  Graded-Mesh  and  Adaptive-Mesh  Finite  Element  Methods 
in  Electrochemical  Systems:  S.  Crockett  and  W.  H.  Smyrl, 

Corrosion  Research  Center,  Dept,  of  Chemical  Engineering  and 
Materials  Science.  University  of  Minnesota.  Minneapolis.  MN 
55455 

Two  approaches  to  generating  meshes  for  use  in  finite  element 
method  solutions  of  the  model  equations  for  a  corrosion  system  are 
presented.  The  first,  a  CTaded  mesh,  incorporates  a  priori  knowl¬ 
edge  of  the  behavior  of  the  system  into  a  fixed,  nonuniform  mesh 
which  concentrates  computing  power  in  regions  of  high  gradient. 
The  second  an  adaptive  mesh  approach,  simultaneously  Tinds  the 
solution  of  the  moacl  equations  and  modifies  the  mesh  for  a  more 
accurate  solution. 

59  Cathodic  Protection  Design  with  Time-Dependent  Bound¬ 
ary  Conditions:  K.  Nisancioglu,  Dept,  of  Chemistry,  Labo¬ 
ratories  of  Industrial  Electrochemistry.  Norwegian  Institute  of 
Technology,  N-7034  Trondheim,  Norway,  P.  O.  Gartland,  SINTEF 
Corrosion  Center.  N-7034  Trondheim,  Norway 

A  boundary  element  model  is  described  for  calculating  current 
and  potential  (listribution  on  a  calhodically  protected  steel  struc¬ 
ture  in  seawater  with  time-dependent  and  nonlinear  boundary' 
conditions.  The  model  takes  into  account  the  effect  of  steel  surface 
morphology,  the  flow  rate  of  seawater,  and  the  deposition/dissolu¬ 
tion  of  calcareous  scale.  The  model  is  validated  by  predicting  the 
otential-time  behavior  of  an  experimental  offshore  rig  protected 
y  sacrificial  anodes  It  is  shown  further  that  certain  unusual  cur¬ 
rent-time  histories  observed  on  cathodically  protected  structures 
can  be  rationalized. 

60  Boundary  Elements  Applied  to  Dynamic  Simulation  of  Ca¬ 
thodic  Protection  Systems:  J.  A.  F.  Santiago,  J.  C.  F.  Telles. 

W.  J.  Mansur,  and  L.  Sathler,  COPPE/Federal  University  of  Rio  de 
Janeiro,  CEP  2 1 945  Rio  de  Janeiro,  Brazil 

The  present  paper  is  concerned  with  the  boundary  element 
modeling  of  potential  and  current  density  distribution  in  cathodic 
protection  systems.  This  phenomenon  is  governed  by  Laplace 
equation,  subjected  to  nonlinear  lime-varying  boundary  condi¬ 
tions.  relating  potential  and  current  density,  described  by  dynam¬ 
ic  polarization  curves  determined  from  potentiostatic  experi¬ 
ments.  Two  solution  methods  are  studied  in  order  to  simulate  the 
dynamic  polarization  curves  as  time  advances,  namely,  fictitious 
lime  and  fictitious  potential. 

61  Numerical  Simi:>arion  of  a  Wet  Christmas  Tree  Cathodic 
Protection  Sys'e**?*  J.  C.  F.  Telles,  W.  J.  Mansur,  J.  A.  F. 

Santiago,  and  5.  L.  Dei  rue,  COPPE/Federal  University  of  Rio  de 
Janeiro,  CEP  21945.  Rio  de  Janeiro,  Brazil,  W.  Baptista,  CEN- 
PES/PETROBRAS,  Ilha  do  Fundao,  21910  Rio  de  Janeiro.  Brazil 

Wet  Christmas  trees  are  used  to  direct  and  block  oil  produc¬ 
tion.  This  equipment  is  safeguarded  against  corrosion  by  means  of 
galvanic  cathodic  protection,  used  in  association  with  organic 
coalings.  The  current  needed  to  provide  this  cathodic  protection, 
and  conseouently  the  number  of  anodes  required,  are  at  present 
calculated  oased  on  a  coated  submerged  re^on  and  on  a  noncoat- 
ed  buried  region.  The  parameters  used,  such  as  coating  efficiency 
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and  current  flow  to  the  buried  region,  are  those  found  in  the  liter¬ 
ature.  With  the  purpose  of  ascertaining  current  distribution  and 
electrochemical  potential  in  the  two  regions,  cathodic  protection 
systems  for  wet  x-trees  were  numerically  analyzed  through  the 
PROCAT  computer  program,  which  is  based  on  the  boundary  ele¬ 
ments  method. 


NINTH  SYMPOSIUM  ON  PIASMA  PROCESSING 
Dielectric  Science  and  Technology/Electronics 

62  Feature  Scale  Simulation  of  Oxide  Plasma  Etching:  J.  P. 

McVittie,  J.  C.  Rev,  and  M.  M.  IslamRaja,  Center  for  Inte¬ 
grated  Circuits,  Stanford  University,  Stanford,  CA  94305-4070 

This  paper  discusses  the  use  of  a  profile  simulator  to  help  un- 
derstancl  the  mechanisms  leading  to  experimentally  observed  pro¬ 
files  and  the  use  of  special  experimental  test  structures  to  extract 
needed  parameters  for  anisotropic  oxide  etching  processes.  The 
focus  is  on  developing  correct  models  for  the  mechanisms 
which  control  wall  slopes  and  RIE  lag  effects  in  CHFj  based  oxide 
etching. 

63  Use  of  Overhang  Test  Structure  to  Understand  RIE  Lag  in 
Oxide  Etching;  S.-f.  Dohmae  and  J.  P.  McVittie,  Center  for 

Integrated  Svstems,  Stanford  University,  Stanford,  CA  94305- 
4070 

Overhang  test  structures  which  eliminate  sidewall  effects  were 
used  to  study  the  mechanisms  responsible  for  the  RIE  lag  effect  in 
CHFj/O.i  oxide  etching.  RIE  lag  was  observed  in  these  structures 
and  IS  not  restricted  to  sidewall  mechanisms.  Bottom  etch  widths 
and  the  linear  dependence  of  the  etch  rate  on  aspect  ratio  suggest 
that  neutral  transport  controls  the  lag  in  these  test  structures. 

64  Modeling  of  Plasma  Etching  Reactors  Including  Wafer  Heat 
ing  Effects;  D.  J.  Economou.  Dept  of  Chemical  Engineer¬ 
ing,  Universitv  of  Houston.  Houston,  TX  77204-4792,  E.  Aydil, 
AT&T  Bell  Laboratories.  Murray  Hill,  NJ  07974 

A  comprehensive  model  for  chlorine  etching  of  polysilicon  has 
been  developed  including  wafer  heating  effects.  Spatiotemporal 
variations  of  atom  density,  etch  rate,  and  wafer  temperature  were 
predicted.  Wafer  heating  caused  the  etch  rate  to  increase  with 
time  despite  the  fact  that  the  etchant  concentration  decreased 
with  time  Etch  rate  and  uniformity  were  measured  in  real  time 
using  a  multichannel  laser  interferometry  technique.  Measured 
etch  rate  transients  were  compared  to  motiel  predictions.  Results 
were  found  to  be  sensitive  to  wafer  back-side  cooling  and  the  sur¬ 
face  kinetics. 

63  Optimally  Uniform  ECR  Plasma  Generation  for  Precise 
Patterning;  S.  Samukawa.  VLSI  Development  Div..  NEC 
Corp,.  1 120  Shimokuzawa  Sagamihara,  Kanagawa  229.  Japan,  T. 
Nakamura.  Mechatronics  Laboratory,  NEC  Corp.,  4-1-1  Miyazaki 
Miyamae  ku.  Kawasaki  213,  Japan.  A.  Ishitani,  VLSI  Develop¬ 
ment  Div  .  NEC  Corp  ,  1120  Shimokuzawa  Sagamihara.  Kana¬ 
gawa  229.  Japan 

The  nonuniform  magnetic  field  gradient  around  the  ECR  posi¬ 
tion  and  the  parabolic  875  G  magnetic  field  profiles  cause  the  in¬ 
clination  of  plasma  generation.  The  ion  flight  directions  are  dis¬ 
turbed  by  the  instability  in  the  nonuniform  plasma.  Conversely, 
the  uniform  magnetic  field  gradient  and  flat  magnetic  field  distri¬ 
bution  result  in  optimally  uniform  ECR  plasma  generation.  The 
uniform  ECR  plasma  prevents  microloading  effects  in  subhalf-mi¬ 
cron  pattern  fabrication 

66  Variation  of  Ion  Energy  and  Ion  Flux  in  Various  Gas  Plas¬ 
mas  with  13.36  MHz  Cathode  Coupled  Parallel-Plate  Plas¬ 
ma  Equipment:  S  Hasaka.  1.  Natori.  T.  Yamashita,  and  T.  Ohmi. 
Dept,  of  Electronics,  Faculty  of  Engineering,  Tohoku  University. 
Aza-Aoba.  Aramaki,  Aoba-ku.  Sendai  980.  Japan 

In  various  gas  plasmas,  variation  of  important  plasma  parame¬ 
ters  such  as  ion  energy,  ion  flux,  and  plasma  potential  has  been 
evaluated  by  measurement  of  the  RF  waveform  applied  to  the  RF 
electrode,  which  is  the  substrate  surface,  without  any  contamina¬ 
tion  and  disturbance  to  the  process.  We  have  demonstrated  that 
high  performance  plasma  process  of  low  ion  energy  and  high  ion 
flux  can  be  achievr^  by  low  bond  energy  gases  excited  plasma. 

67  Dependencies  of  Negative  Ions  from  Pulsed  Radio-Fre¬ 
quency  Discharges:  L  J.  Overzet,  L.  Luo,  and  Y.  Lin,  University  of 
Texas  at  Dallas.  Richardson,  TX  75083-0688 

The  negative  ion  spectra  from  pulsed  RF  discharges  through 
etching  gases  have  been  measured  by  direct  ion  mass  spectrometry 
and  multiple  negative  ions  were  found  in  each  gas  mixture  stud¬ 
ied  The  heavy  mass  negative  ions  in  some  discharges  appear  relat¬ 
ed  to  clustering  with  etching  products.  The  signal  intensity  of 
small  mass  ions  did  not  vary  by  a  significant  amount  over  long 
times;  but.  some  large  mass  negative  ions  exhibited  an  “onset" 
time  dependence  of  approximately  5  min.  (This  work  was  support¬ 
ed  in  part  by  the  National  Science  Foundation  ECS— 9009662  and 
Texas  Instruments  Inc  ) 

68  Surface  Studies  of  Reactive  Ion  Etching  Processes  in  Sili¬ 
con  Technology:  From  Surface  Damage  to  High-Resolution 

Depth  Profiling;  G.  S.  Oehrlein,  IBM  Res.  Div.,  T.J  Watson  Re¬ 
search  Center.  Yorktown  Heights.  NY  10598 


In  situ  real-time  ellipsometry  coupled  with  comprehensive 
post-plasma  surface  analysis  has  been  used  to  clarify  selectivity 
and  directionality  mechanisms  of  dry  etching  processes  of  silicon- 
related  materials.  Examples  of  the  insights  which  have  been  ob¬ 
tained  are  described.  Combining  reactive  ion  etchi^  and  ellip¬ 
sometry  also  enables  high-resolution  depth  profiling,  "nie  profiling 
of  SiGe  superlattice  structures  and  ultrathin  oxide-nitride-oxide 
(ONO)  films  are  described. 

69  Modeling  and  Investigation  of  RF  Electrical  Signals  from 
Nitride  Etch;  S.  Watts  Butler  and  K.  Branker,  Texas  Instru¬ 
ments  Inc.,  Dallas,  TX  75265 

RF  current,  voltage,  and  phase  data  were  collected  on  a  nitride 
etcher.  Analysis  of  the  data  proved  that  delivered  power  was  not 
only  a  function  of  power  supply  setpoint,  but  also  a  function  of 
pressure.  Using  data  from  the  fundamental  alone,  a  satisfactory 
model  of  the  etch  rate  was  formed.  Based  on  comparison  of  the 
data  with  documented  machine  maintenance,  it  is  apparent  that 
phase  and/or  impedance  at  the  harmonics  can  be  used  as  a  diag¬ 
nostic  tool. 

70  In  Situ  Ellipsometry  during  Plasma  Processing:  G.  M.  W. 

Kroesen,  Dept,  of  Physics,  Eindhoven  University  of  Tech¬ 
nology,  5600  MB  Eindhoven,  The  Netherlands,  G.  S.  Oehrlein, 
IBM  Research  Div.,  Yorktown  Heights,  NY  10598,  W.  Fukarek, 
Dept,  of  Physics,  EMA  University,  0-2200  Greifswald,  Germany, 
J.  W.  H.  G.  den  Boer,  Dept,  of  Physics,  Eindhoven  University  of 
Technology,  5600  MB  Eindhoven,  The  Netherlands 

In  situ  monochromatic  and  spectroscopic  ellipsometry  is  a  very 
accurate  and  nonintrusive  technique  to  study  the  modifications  of 
a  surface  that  is  subject  to  plasma  treatment.  The  paper  focuses  on 
three  major  applications:  (i)  mea.  irement  of  surface  temperatures 
by  HeNe  ellipsometry;  (ii)  depth  prof;'ir.„  if  optical  parameters  by 
RIE  and  HeNe  ellipsometry;  and  (iiti  siuay  of  surface  modifica¬ 
tions  by  IR  spectroscopic  ellipsometry. 

71  Optical  Emission  Comparison  of  Oxygen  and  Oxygen/Ni¬ 
trous  Oxide  Plasma  Generated  by  Microwave  and  Radio 

Frequency  Sources  Between  80  and  800  nm:  J.  I.  McOmber,  J.  T. 
Davies,  J.  Howden,  and  E.  M.  Liston,  GaSonics/IPC,  San  Jose.  CA 
95134-1909 

Emission  spectra  from  80  to  800  nm  wavelength  were  used  to 
identify  species  observed  in  a  non-line  of  sight  downstream  asher 
as  a  function  of  the  excitation  plasma  source,  13.56  MHz  or  2.45 
GHz.  The  emission  spectra  are  used  to  explain  the  atomic,  ionic, 
and  molecular  reactions  and  interactions  in  the  plasma  and  down¬ 
stream  regions  of  interest  to  organic  ashing.  The  excitation  source 
has  a  major  effect  on  the  species  generated,  and  thus  the  down¬ 
stream  ashing  characteristics. 

72  Plasma  Diagnostics  for  the  Etching  of  Silicon  Nitride  Thin 
Films  Using  Emission  Spectroscopy  and  Multivariate  Cali¬ 
bration;  G.  Bama,  Texas  Instruments,  Inc.,  Dallas,  TX  75265,  B. 
Wangmaneerat  and  T.  M.  Niemezyk,  Dept,  of  Chemistry,  Universi¬ 
tv  of  New  Mexico,  Albuquerque,  NM  87131,  D.  M.  Haaland,  San- 
dia  National  Laboratory,  Albuquerque,  NM  87185 

Emission  spectroscopy  combined  with  a  multivariate  calibra¬ 
tion  technique  has  been  used  for  the  diagnosis  of  a  plasma  during 
the  etching  of  a  silicon  nitride  thin  film.  A  partial  least  squares  al¬ 
gorithm  was  applied  to  the  emission  spectra  data  obtained  in  a  2s 
measurement  made  during  each  of  the  31  etch  experiments.  The 
standard  error  of  prediction  from  the  cross- validated  calibrations, 
used  to  determine  the  predictive  capability  of  the  calibration  mod¬ 
el.  was  about  10%  of  the  mid-range  of  the  five  control  parameters 
and  the  etch  rate. 

73  Reactive  Ion  Etch  Process  Parameter  and  Etch  Rate  Esti¬ 
mation  Using  Principal  Component  Analysis  of  Optical 

Emission  Spectroscopy  and  Mass  Spectrometry:  D.  Angell,  IBM 
ASTC.  EMI,  East  Fishkill,  NY  12533,  R.  Shadmehr,  Dmt.  of  Brain 
and  Cognitive  Science,  Massachusetts  Institute  of  Technology, 
Cambridge.  MA  02139,  P.  B.  Chou  and  G.  S.  Oehrlein,  IBM  m- 
search  Div..  T.J.  Watson  Research  Center,  Yorktown  Heights,  NY 
10598 

We  report  on  a  simple  technique  that  enables  estimation  of 
process  parameters  and  etch  characteristics  from  optical  emission 
or  mass  spectrum  measurements.  Through  principal  component 
analysis,  we  observe  that  99%  of  the  variance  in  the  more  than 
1100  optical  and  mass  spectra  channels  are  accounted  for  by  very 
few  principal  components  of  each  sensor.  These  principal  compo¬ 
nents.  along  with  the  measured  dependent  variables,  are  used  to 
build  empincal  models  for  real-time  monitoring  or  control  of  reac¬ 
tive  ion  etching.  To  date,  both  regression  an^ysis  and  artificial 
neural  networks  have  been  employed.  Examples  that  estimate 
chamber  status,  chamber  contamination,  etch  rate,  and  leak  detec¬ 
tion  are  given. 

74  Studies  of  the  Reaction  of  NF,/At  and  C,FJO,  Plasmas 
with  Anodized  Aluminum  Surfaces  Using  X-Ray  Photo- 

electron  Spectroscopy;  J.  G.  Langan  and  B.  S.  Felfcer,  Air  Products 
and  Chemicals,  Inc.,  Allentown,  PA  18195 

We  have  exposed  a  scries  of  hard  anodized  aluminum  coupons 
to  NF,/Ar  and  CjFiufOi  plasmas  under  a  variety  of  conditions.  The 
samples  were  transfer}^  in  vacuo  for  XPS  analysis.  After  plasma 
exposure,  the  surface  shows  a  decrease  in  the  amount  of  aluminum 
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oxide  type  bonding  with  a  corresponding  increase  in  aluminum 
fluoride  or  oxy-fluoride  bonding  for  both  source  gases.  The  sur¬ 
faces  of  the  NFj/Ar  and  CjFe/O,  plasma  exposed  coupons  show  the 
same  chemical  species  present;  the  major  difference  is  increased 
fluorination  of  the  NF,  plasma  exposed  coupons. 

75  Diffraction  Laser  Endpoint  for  Trench  Etch  Applications: 

Af.  Birang  and  P.  Ebbing,  Applied  Materials,  Santa  Clara, 
CA  95054 

Trench  endpoint  signal  was  achieved  from  small  feature  sizes 
on  the  wafer,  0.85  (im  square  in  cross  section  and  8  pm  deep.  This 
paper  talks  about  the  interferometry  and  diffraction  techniques, 
light  dispersion  and  collection  techniques,  and  simal  processing 
techniques  used  to  build  the  instrument.  The  analysis  of  the  sig¬ 
nals  is  shown  and  the  theoretical  and  actual  signals  are  compared. 
Then  the  experimental  signals  from  the  above  features  are  shown, 
and  the  apparatus  used  to  collect  that  signal  is  presented. 

76  Diagnostics  of  an  ECR  Plasma  Using  the  Langmuir  Probes: 

y.  Nakagawa,  K.  Ikeda,  and  T.  Tsukada,  Anelva  Corp.,  5-8- 
1,  Yotsuya,  Fuchu-shi,  Tokyo,  183  Japan 

The  plasma  characteristics  of  an  ECR  plasma  etching  appara¬ 
tus  were  measured  by  the  Langmuir  probe  techniques  for  different 
discharge  conditions.  A  new  plasma  parameter,  plasma  power, 
was  defined  as  the  ion  transportation  capability  of  a  plasma.  The 
properties  of  the  ECR  plasma  were  explained  clearly  employing 
this  parameter.  The  plasma  power  at  its  maximum  has  obtained 
always  near  the  ECR  layer.  The  result  of  poly-Si  etching  was  also 
discussed  using  this  parameter. 

77  Electrical  Measurement  of  Etching  Parameters  in  an  Oxide 
RIE  System:  S.  /.  Dohmae  and  J.  P.  McVittie,  Center  for  In¬ 
tegrated  Systems,  Stanford  University,  Stanford,  CA  94305-4070 

Etching  parameters  were  measured  electrically  by  simple  diag¬ 
nostic  techniques  in  a  SiO;  RIE  system  and  correlated  with  etching 
characteristics.  The  etch  yield  was  found  to  be  a  linear  function  of 
the  square  root  of  the  ion  energy  even  in  the  conventional  RIE 
chamber.  This  result  indicates  that  more  accurate  control  of  etch¬ 
ing  could  be  done  in  commercially  available  etching  systems  by 
making  more  use  of  electrical  discharge  measurements. 

78  Cate  Oxide  Break-down  Phenomena  in  Magnetron  Plasma: 

M  Sekine,  K.  Horioka,  H.  Okano,  Y.  Matsunaga.  T.  Mat¬ 
sushita,  K.  Hishioka,  and  Y.  Yoshida,  ULSI  Research  Center 
(2PG).  Toshiba  Corp..  1  Toshiba-cho,  Saiwai-ku,  Kawasaki  210, 
Japan 

Gate  oxide  breakdown  phenomena  in  a  magnetron  plasma 
were  investigated  from  the  view  point  of  magnetic  field  distribu¬ 
tion  effect  on  the  damage.  It  was  found  that  having  strong  parallel 
and  normal  magnetic  field  regions  simultaneously  on  a  wafer  in¬ 
duced  surface  potential  difference  along  the  wafer,  and  could 
cause  oxide  breakdown.  An  optimized  magnetic  field,  consisting 
of  flux  lines  parallel  to  the  wafer,  was  verified  to  cause  no  degra¬ 
dation  in  the  gate  oxide 

79  Gate  Edge  Effects  on  Oxide  Damage  during  Polycide  Etch¬ 
ing:  C.  Gabriel,  VLSI  Technology,  Inc  ,  San  Jose,  CA  95131 

Gate  oxide  damage  from  plasma  etching  of  MOS  gate  elec¬ 
trodes  was  studied.  Three  commercial  etchers  were  compared,  in¬ 
cluding  a  microwave  ECR,  an  RF  triode,  and  an  RF  diode.  Oxide 
breakdown  was  measured  on  large  capacitors  with  various  config¬ 
urations  of  gate  area,  gate  edge,  and  isolation  edge.  From  Poisson 
defect  density  calculations,  most  of  the  oxide  damage  correlates 
with  the  gate  edge  for  gate  lengths  below  about  five  microns.  The 
defects  will  affect  device  reliability  more  than  yield. 

80  Spectroscopic  Ellipsometry  and  Schottky  Barrier  Charac¬ 
terization  of  REE  Exposures  of  Thin  Si-SiOj  Structures  Ex¬ 
posed  to  Poly-Si  Overetch:  T.  Gu,  R.  A.  Ditizio,  R.  W.  Collins,  and 
S.  J.  Fonash,  Center  for  Electronic  Materials  and  Processing. 
Pennsylvania  State  University,  University  Park,  PA  16802,  J.  F. 
Rembetski,  M.  A.  Carlson,  and  P.  Westerfield,  SEMATECH, 
Austin,  TX  78741,  X.-C  Mu,  Intel  Corp.,  SanU  Clara,  CA  95052 

Schottky  barrier  current-voltage  measurements  have  revealed 
the  presence  of  substrate  damage  after  exposures  of  thin  oxide 
layers  to  reactive  ion  etches  designed  for  poly-Si  etching.  The 
amount  of  damage,  and  the  uniformity  of  this  damage,  increases  as 
a  function  of  the  overetch  exposure  time.  In  this  report,  we  corre¬ 
late  the  observed  changes  in  Schottky  barrier  current-voltage 
measurements  with  observations  made  by  spectroscopic  ellipsom¬ 
etry  Both  techniques  reveal  the  presence  of  the  damage  and  the 
saturation  of  this  substrate  damage  after  long  exposure  times. 

81  A  Model  for  Thin  Oxide  Damage  in  Nonuniform  EHs- 
ebarges;  S.  Fang  and  J.  P.  McVittie,  Center  for  Integrated 

System,  Stanford  University,  Stanford,  CA  94305-4070 

MOS  gate  oxides  can  be  severely  degraded  by  charge  buildup 
during  plasma  processing,  however,  the  mechanisms  of  Uiis  charge 
buildup  and  subsequent  damage  are  not  well  understood.  In  this 
paper,  we  present  a  new  model  tc  explain  the  role  of  discham 
nonuniformity  in  this  damsw.  and  apply  this  model  via  SPICE 
circuit  simulations,  and  probe  and  breakdown  measurements  to 
both  uniform  and  nonunilorm  discharges.  The  model  also  explains 
the  importance  of  device  structures  and  the  negligible  dc  bias  on 
this  damage. 


82  Ion  Bombardment  Effects  on  Silicon  Surface  Properties  in 
Plasma  Etching:  G.  S.  Oehrlein,  D.  Vender,  and  Y.  Zhang, 

IBM  Research  Div.,  T.J.  Watson  Research  Center,  Yorktown 
Heights,  NY  10598 

The  fluorinated,  disordered  silicon  surface  layer  formed  on  the 
silicon  substrate  surface  in  RF  diode  and/or  electron  cyclotron  res¬ 
onance  (ECR)  plasmas  fed  with  fluorine-based  etching  gases,  e.g., 
CF4  or  SFe,  has  been  studied  using  real-time  ellipsometry  and  x- 
ray  induced  photoemission  spectroscopy  after  sample  transfer  in 
vacuum  for  various  processing  conditions.  A  thin  (-0.5  nm)  fluori¬ 
nated  layer  is  formed  for  conditions  which  minimize  the  ion  bom¬ 
bardment  of  the  Si  substrate,  e.g.,  ECR  processing  without  addi¬ 
tional  sample  bias.  The  thickness  of  the  fluorinatM  layer  increas¬ 
es  strongly  with  the  sheath  voltage  at  the  substrate,  but  is  relative¬ 
ly  insensitive  to  variations  of  other  processing  parameters,  e.g., 
pressure.  The  implications  of  these  findings  for  our  understanding 
of  ion  induced  etching  reactions  of  silicon  are  discussed. 

83  Reactive  Ion  Etch  Induced  Device  Characteristics  Changes 
in  Thin  Film  Transistor:  Y.  Kao,  IBM  Research  Div.,  T.J. 

Watson  Research  Center,  Yorktown  Heights,  NY  10598 

We  have  detected  some  plasma  damage  on  the  inverted,  tri¬ 
layer  TFT  in  a  n*  RIE  process.  The  damage  includes  a  positive  V,* 
shift,  a  high  off  current,  and  the  divergence  of  the  IdVS.  Vc  curves. 
The  shift  increased  with  the  gate  dielectric  SiN,  thickness  and 
was  lowered  when  half  of  the  SiN^  layer  was  replaced  by  TaO,. 
These  damages  were  caused  mostly  by  the  plasma  radiation  and 
slightly  by  the  cathode  charge  effect.  Interfacial  traps  between 
a-Si;H  and  SiN^  were  responsible  for  the  anomalous  TFT  charac¬ 
teristics.  This  damage  appeared  to  be  physical  and  was  easily  re¬ 
paired  with  a  thermal  annealing  process. 

84  Assessment  of  the  Effects  of  Magnetic  Field  Strength  and 
of  Post-Etching  Ozone  Cleaning  on  Substrate  Damage  and 

Contamination  in  MERIE  Contact  Etching:  R.  A.  Ditizio,  T.  Gu, 
R.  W.  Collins,  J.  R.  Ruzyllo,  and  S.  J.  Fonash,  Center  for  Electron¬ 
ic  Materials  and  Processing,  Pennsylvania  State  University,  Uni¬ 
versity  Park,  PA  16802,  H.  J.  Leary,  IBM  East  Fishkill.  Hopewell 
Junction,  NY  12533 

Spectroscopic  ellipsometry  and  Schottky  barrier  I-V  measure¬ 
ments  have  been  used  to  assess  the  lattice  damage  and  residue  lay¬ 
er  formation  produced  by  MERIE  SiOj  contract  etching.  In  this 
study,  blanket  oxides  (1000  A)  were  exposed  to  a  CHF3/O2  contact 
etching  chemistry  in  an  MERIE  system  under  various  magnetic 
field  conditions.  Samples  were  then  assessed  for  damage/contam¬ 
ination  effects  both  before  and  after  UV  ozone  cleans.  Our  results 
show  the  dependence  of  the  resulting  residue  layer  thickness  and 
damage  layer  thickness  on  magnetic  field  strength  and  on  this  sur¬ 
face  treatment. 

85  A  Model  of  Particulates  in  Glow  Discharge  Plasmas:  D.  B. 

Graves,  M.  G.  Kilgore,  J.  E.  Daugherty,  and  R.  K.  Porteous, 
Dept,  of  Chemical  Engineering,  University  of  California,  Berkeley, 
CA  94720 

Particulates  that  form  in  glow  discharge  plasmas  are  charged 
negatively  and  are  often  suspended  in  the  plasma  by  electrostatic 
forces.  It  has  been  observed  that  dust  tends  to  segregate  to  certain 
locations  in  the  discharge.  In  order  to  minimize  particulate  con¬ 
tamination  during  processing,  it  is  important  to  understand  the 
nature  of  the  forces  particles  experience  in  plasmas.  We  have  con¬ 
structed  a  model  of  particles  in  plasmas  to  understand  particle 
segregation  in  glow  discharges. 

86  Detection  and  Control  of  Particle  Contamination  in  Pro¬ 
duction  Plasma  Equipment:  G.  S.  Selwyn,  IBM  T.J.  Watson 

Research  Center,  Yorktown  Heights,  NY  10598,  E.  F.  Patterson, 
IBM  East  Fishkill,  Hopewall  Junction,  NY  12533,  K,  L.  Haller, 
IBM  General  Technolo^  Div.,  Essex  Junction,  VT  05452 

Particle  contamination  is  a  serious  concern  in  all  microelec¬ 
tronics  fabrication  lines.  Tools  and  processes  contribute  the  great¬ 
est  share  of  contamination,  especially  plasma  process  tools.  This 
work  demonstrates  the  nature  of  particle  contamination  in  plasma 
tools  with  emphasis  on  production  plasma  equipment  during  nor¬ 
mal  process  conditions.  Particle  behavior  and  trapping  effects  are 
demonstrated  in  sputter  and  PE(2VD  tools,  as  well  as  enhanced 
plasma  tools  such  as  magnetron  RIE  and  ECR.  The  use  of  grooved 
electrode  design  for  contamination  control  is  also  discussed. 

87  Trapped  Contamination  Particulates  in  an  RF  Processing 
Plasma;  R.  N.  Carlile  and  S.  G.  Geha,  Univ.  of  Arizona, 

Tucson,  AZ  85721 

The  levitated  regions  containing  high  density  contamination 
particulates  in  RF  processing  plasmas  are  investigated  in  this  pa¬ 
per.  Using  a  tuned  Langmuir  probe  in  an  RF  sputter  plasma,  the 
plasma  potential,  electron  density,  and  electron  temperature  of 
these  re^ons  (or  traps)  are  measuM,  accompanied  by  a  real-time 
video  record  of  the  dynamics  of  the  particulates.  A  scenario  of  trap 
formation  is  presented  in  which  we  postulate  that  a  trap  is  system 

federated  and  that  particulates  sub^uently  flow  into  a  trap  and 
istort  its  boundaries  in  such  a  way  that  the  particulates  eventual¬ 
ly  leak  into  a  pump  port. 

88  Particle  Contaminatioii  on  Silicon  Wafers  Etched  in  RF 
Plasmas:  M.  M.  Smadi,  IBM  East  Fishkill  Facility,  Hope- 
wall  Junction,  NY  12533,  G.  Y.  Kotm,  Motorola  Inc.,  Austin,  TX 
78728,  R.  N.  Carlile  and  S.  E.  Beck,  ECE  Dept.,  University  of  Ari¬ 
zona,  Tucson,  AZ  85721 
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Particle  contamination  and  etch  depth  on  silicon  wafers  etched 
in  SFs/Ar  and  CFJOJAt  plasmas  are  examined  as  a  function  of 
13.56  MHz  RF  power,  100  kHz  power,  pressure,  flow  rate,  and  etch 
time.  Particle  deposition  and  etch  depth  have  a  linear  dependence 
on  13.56  MHz  RF  power,  100  kHz  power,  and  etch  time.  Also,  the 
particle  deposition  2md  etch  depth  have  quadratic  dependence  on 
process  gas  flow  rate.  In  the  pressure  range  explored,  particle  de¬ 
position  on  the  wafers  is  independent  of  pressure. 

89  Plasma  and  Surface  Diagnostics  of  ECR  Hydrogen  Clean¬ 
ing  of  Native  Silicon  Oxide:  W.  Tsai,’  M.  De^no,  B.  C. 

Chung,  T.  Sheng,  and  S.  Salimian,  Edward  L,  Ginzton  Research 
Center,  Varian  Associates,  Palo  Alto,  CA  94304-1025 

In  situ  optical  emission  spectroscopy  was  used  to  monitor  ac¬ 
tive  species  during  ECR  hydrogen  plasma  cleaning  of  native  sili¬ 
con  oxide  to  understand  the  mechanism  of  the  plasma  process. 
Relative  concentration  of  hydrogen  and  hydroxyl  radicals  were 
measured  downstream  as  a  function  of  operating  pressure.  Gas 
phase  concentrations  were  well  correlated  with  the  etch  rate  of 
native  silicon  oxide  measured  using  in  situ  x-ray  photoelectron 
spectroscopy.  Plasma  potential,  ion  density,  and  electron  temper¬ 
ature  of  the  ECR  hydrogen  plasma  were  also  measured  with  a 
Langmuir  probe. 

90  Process  and  Module  for  Low  Temperature  Hydrogen  Clean¬ 
ing  for  Silicon  Wafers:  F.-P.  Steiner,  E.  Beck,  and  J.  Ramm, 

Balzers  AG.  FL-9496  Balzers.  Liechtenstein 

An  ultra  high  vacuum  compatible  process  module  for  silicon 
water  cleaning  is  presented.  The  cleaning  procedure  utilizes  an  ar¬ 
gon/hydrogen  plasma  which  is  characterized  by  low  discharge 
voltages  (about  25  V)  and  high  discharge  currents  (up  to  100  A).  If 
the  wafer  is  immersed  in  this  plasma,  the  native  oxide  as  well  as 
hydrocarbons  are  removed  from  the  surface.  Mainly  electrons 
stimulate  the  surface  chemistry  and  damages  by  sputtering  are 
avoided  Typical  etch  rates  for  thermally  grown  SiOj  range  from 
0  01  to  0.05  nm/s.  It  was  found  that  5  min  cleaning  prepares  the 
silicon  wafers  for  low  temperature  epitaxial  growth  of  silicon. 

91  /n  Situ  Chamber  Dry  Cleaning  for  HBr  RIE:  K.  lizuka  and 
Af.  Nakamura.  Process  Development  Div.,  Fujitsu  Limited, 

1015.  Kamikodanaka,  Nakahara-ku,  Kawasaki  211,  Japan 

Anisotropy  is  achieved  through  the  side-wall  protection  by  re¬ 
action  products  in  HBr  RIE.  On  the  other  hand,  the  reaction  prod¬ 
ucts  deposit  on  a  wall  of  reaction  chamber  to  form  particles.  XPS 
analysis  revealed  that  *he  deposition  on  the  wall  was  the  mixture 
of  Si.  O.  C  and  Br.  but  mainly  consisted  of  SiO,.  In  situ  plasma 
cleaning  with  O,  rich  mixtures  of  oxygen  and  fiuorinated  gases 
were  found  to  be  effective  in  removing  Si02  or  the  deposition  on 
the  chamber  wall.  The  conditions  suit^le  for  the  dry  cleaning  are 
completely  different  from  the  usual  etching  conditions. 

92  Ion  Beam-Assisted  Etching  of  Si(ni)  with  Fluorine  at 
77K:  J  W.  Coburn,  IBM  Research  Div.,  San  Jose,  CA  95120- 

6099,  C.  B.  Mullins,  Dept,  of  Chemical  Engineering.  University  of 
Texas,  Austin.  TX  78712-1062 

Recent  interest  in  low  temperature  RIE  has  prompted  some  ba¬ 
sic  beam  studies  of  Si  etching  with  fluorine  at  77K.  Etch  rates  are 
measured  m  situ  using  quartz  crystal  microbalance  methods,  and 
the  neutral  etch  products  arc  monitored  with  modulated  beam 
mass  spectrometry  Only  a  brief  transient  of  spontaneous  etching 
IS  observed  and  the  ion-assisted  etch  rates  are  somewhat  larger  at 
77K  than  at  room  temperature  The  sputter  yields  of  condensed 
SiF,  and  SiCl,  were  measured  to  provide  an  estimate  of  the  etch 
rates  expected  if  sputtering  is  needed  to  remove  the  etch  products. 

93  A  New  Method  of  Sidewall  Protection  for  Anisotropic 
Etching  Using  Sulfur  Deposition:  T.  Tatsumi,  T.  Nagayama, 

and  S  Kadomura,  ULSI  R&D  Group,  Sony  Corp.,  4-14-1  Asahi- 
cho,  Atsugi,  Kanagawa  243,  Japan 

The  objective  of  this  work  is  to  demonstrate  a  new  dry  etch 
processing  technique  for  ULSI  devices.  The  dry  etch  method  pre¬ 
sented  in  this  paper  used  “sulfur”  for  sidewall  protection.  Sulfur 
can  be  sublimated  by  heating  the  substrate  after  etch,  so  protec¬ 
tion  films  did  not  remain  on  the  etched  surface.  This  concept  was 
applied  to  poly-Si,  W-polycide  and  Al-alloy  films.  The  deposition 
and  the  sublimation  of  sulfur  were  confirmed  using  EDX  and 
TDS 

94  Cooling  Wafer  Stage  for  Low  Temperature  Dry  Etching: 

M.  Kanetomo,  T.  Kure,  K.  Tsujimoto,  and  S.  Tocni,  Central 
Research  Laboratory,  Hitachi,  Ltd.,  Kokubunii,  Tokyo  185,  Japan 

Cooling  wafer  stage  has  been  developed  for  low  temperature 
dry  etching.  Cooling  stage  temperature  during  etching  is  calculat¬ 
ed  by  the  finite  element  method  and  is  compared  with  experimen¬ 
tally  obtained  values.  Heat  transfer  convection  value  between  the 
wafer  back  side  and  the  coolirm  stage  surface  was  found  to  be 
0.0002  W/mm*K  for  10  seem  of  He  gas  flow  to  cool  the  back  of  the 
wafer  Suppressing  any  increase  in  wafer  temperature  and  wafer 
temperature  control  at  a  constant  value  are  required  in  the  low 
temperature  region  below  -I90°C  by  the  time  numulation  method. 

95  ProMeun  of  Low  Pressure  Single  Crystal  Silicon  Etching: 

M.  Enmlhardt,  Siemens  AG,  Corporate  Research  and  De¬ 
velopment,  8000  Munich  83,  Germany 

Hardware  erosion  leading  to  a  deposition  of  sputtered  material 
onto  the  wafer  was  found  to  oe  a  major  drawback  of  plasma  etch¬ 


ing  at  low  gas  pressures  in  high  density,  low  energy  RF  plasmas. 
The  results  were  obtained  with  single  crystal  silicon  etching  in  a 
magnetically  confined  reactor  using  pure  chlorine  as  a  process  gas. 
They  seem,  however,  to  be  genermly  true  for  other  etch  systems 
operating  at  similar  process  conditions  such  as  ECR  etch  systems. 

96  Highly  Selective  Low  Pressure  Polysilicon  Etching  in  High 
Density,  Low  Energy  RF  Plasmas:  M.  Engelhardt,  Siemens 

AG,  Corporate  Research  and  Development,  8000  Munich  83,  Ger¬ 
many 

Pure  chlorine  and  pure  bromine  and  mixtures  of  both  were 
used  as  process  gases  in  a  magnetically  confined  reactor  to  achieve 
highly  selective  polysilicon  etching  for  multi-Mbit  DRAMs  at  low 
gas  pressures.  Extremely  high  selectivities  to  gate  oxide  are 
achieved  when  gate  oxide  erosion  is  balanced  by  an  oxide  deposi¬ 
tion  resulting  from  the  presence  of  quartz  inserts  in  the  reactor 
which  were  installed  to  prevent  metal  contamination  of  the  wafer 
in  process. 

97  Selective  High-Rate  Etching  of  Polysilicon  in  Microwave 
ECR  Discharges:  A  Comparison  of  ECR  Configurations: 

T.  D.  Manter,  D.  Dane,  and  P,  Gadgil,  Dept,  of  Electrical  and 
Computer  Engineering,  University  of  Cincinnati,  Cincirmati,  OH 
45221 

High  polysilicon  etch  rates  have  been  obtained  in  combination 
with  high  etch  selectivities  with  respect  to  SiOj  and  photoresist  in 
a  microwave  electron  cyclotron  resonance  (ECR)  etch  reactor.  Us¬ 
ing  CI2-O2  at  3  to  4  milliTorr  and  700  W  input  microwave  power  at 
2.45  GHz,  undoped  polysilicon  etch  rates  in  excess  of  400  nm/min 
are  obtained  in  a  close-coupled  ECR  configuration  with  the  etch 
substrate  located  close  to  the  resonance  zone.  The  corresponding 
poly-oxide  selectivities  are  greater  than  150,  and  the  poly-resist 
selectivities  are  13-15.  This  performance  is  compared  with  the  etch 
results  obtained  on  the  same  etch  tool  in  a  multipolar-confined 
flared  B-field  ECR  reactor  with  remote  wafer  position. 

98  Quarter-Micron  Deep  Trench  Etch  for  ULSI:  Y.  T.  Lii  and 
T.  V.  Rajeevakumar,  IBM  Research  Div  ,  T.J.  Watson  Re¬ 
search  Center,  Yorktown  Heights,  NY  10598 

This  work  demonstrates  deep  trench  etching  with  openings 
down  to  0.25  x  0.25  pm  and  aspect  ratios  as  high  as  40  with  round 
smooth  bottoms  and  tight  critical  dimension  control.  This  paper 
presents  results  of  a  recent  study  of  quarter-micron  silicon  deep 
trench  etching  with  mixtures  of  HBr  and  fluorine-containing  gas¬ 
es  in  a  magnetically  enhanced  RIE  reactor.  The  effects  of  RIE  lag 
on  the  trenches  down  to  quarter  micron  opening  were  quantified 
and  trench  etch  rate  was  found  to  depend  solely  on  trench  aspect 
ratio. 

99  MRIE  0.1  pm  Polysilicon  Lines  by  Using  HBr  Y.  T.  Lit, 

C.  M.  Reeves,  D.  A.  Danner,  P.  J.  Cocne,  and  L.-K.  Wang, 
IBM  Research  Div.,  T.J.  Watson  Research  Center,  Yorktown 
Heights,  NY  10598 

We  have  demonstrated  MRIE  (magnetically  enhanced  reactive 
ion  etching)  of  polysilicon  gates  with  linewidths  down  to  0.1  pm 
with  HBr  gas  chemistry.  Either  30  ran  nitride  or  0.3  pm  E-beam 
resist  can  to  used  as  the  etch  mask.  High  polysilicon  etch  rate, 
high  selectivity  of  polysilicon  to  oxide,  and  tight  linewidth  control 
have  been  demonstrated.  Wafer  temperature  is  a  key  process  pa¬ 
rameter  for  controlling  sidewall  profile  and  linewidth.  This  work 
also  demonstrates  the  advantage  of  clustering  tools  for  process  in¬ 
tegration. 

100  Fundamental  Processira  Limit  of  Gate  Oxide  Thickness 
for  Polysilicon  Gate  Definition:  A.  S.  Yapsir,  IBM  Semicon¬ 
ductor  Research  and  Development  Center,  Hopewell  Junction,  NY 
12533 

A  quantitative  study  of  the  fundamental  processing  limit  of 
gate  oxide  thickness  for  polysilicon  gate  RIE  definition  is  present¬ 
ed.  To  perform  the  study,  an  in  situ  scheme  for  monitoring  gate 
oxide  removal  during  etching,  is  developed.  A  criterion  for  a  max¬ 
imum  overetch  is  defined  as  the  time  interval  between  the  initial 
occurrence  of  oxide  etching  and  silicon  substrate  etchii^.  Using 
this  definition,  the  maximum  overetch  allowed  for  a  specified  gate 
oxide  thickness  is  measured. 

101  200  nm  Aluminum  Etch  in  MERIE  System:  S.  Mak,  S. 
Arias,  and  C.  S.  Rhoades,  Applied  Materials,  Santa  Clara, 

CA  95054 

A  screening  experiment  was  performed  to  study  the  200  mm 
aluminum  etch  in  a  MERIE  system,  using  BCl]/Cl2/N2/CF4  chem¬ 
istry.  Main  effects  of  controllable  parameters  including  gas  flows, 
RF  power,  magnetic-field,  and  cathode  temperature  were  investi¬ 
gate  over  a  pressure  range  of  50-200  mT.  Of  particular  interest 
were  the  microloading  effect  on  residue  and  profile.  Better  etch 
performance  in  terms  of  aluminum  etch  rate,  selectivity  to  photo¬ 
resist,  residue,  and  profile  control  were  achievable  by  optimizing 
the  process  at  200  mT  pressure  regime. 

192  Dry  Etching  of  Al  Alloy  Films  Using  HBr  Mixed  Gases:  K. 

Fujino,  Semiconductor  Process  Laboratory,  2-13-29 
Kohnan  Minato-ku,  Tokyo  108  Jwan,  T.  Oku,  Canon  Sales  Co., 
Inc.,  2-13-29  Kohnan  Minato-ku,  Tokyo  108  Japan 

Al  alloy  films  were  reactive-ion-etched  using  HBr/BCl,  or 
HBr/BCh/CU  gases.  Etching  rates  of  the  Al  films,  self  dc  bias  and 
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selectivities  of  photoresist  and  thermal  oxide  were  studied  as 
functions  of  RF  power,  gas  pressure,  total  gas  flow  rate.  An  A1  etch 
rate  of  2.3  pm/min,  a  photoresist  selectivity  of  7.7  and  a  thermal 
oxide  selectivity  of  45.5  were  obtained  with  completely  anisotrop¬ 
ic  A1  profile.  This  is  because  of  chemical  properties  of  HBr. 

103  One-Step  Electron  Cyclotron  Resonance  Etching  of  Submi- 
cron  Al-Si-Cu:  D.  X.  Ma  and  C.-W.  Chen,  Lam  Research 

Corp.,  Fremont,  CA  94538 

Al-Si-Cu  etching  was  investigated  in  a  high  density,  low  pres¬ 
sure  ECR  etch  system.  An  anisotropic  one-step  BCI3-CI2  process 
was  developed  without  carbon  containing  additives.  The  process 
achieved  high  aluminum  etch  rate  (>1000  nm/min),  excellent  alu¬ 
minum  etch  uniformity  (<±3.5%),  and  good  selectivities  of  alu¬ 
minum  to  resist  (>2.7:1)  and  to  oxide  (>12:1).  The  effects  of  process 
parameters  on  etch  performance  was  studied  using  an  L9(3<)  or¬ 
thogonal  matrix.  A  large  process  latitude  was  also  demonstrated. 

104  Low  Energy  Ion  Etching  of  Aluminum  Oxide  Films  and 
Native  Aluminum  Oxide:  M.  E.  Day,  S.  Salimian,  and  M. 

Delfino,  E.L.  Ginzton  Research  Center,  Varian  Associates,  Palo 
Alto,  CA  94304-1025 

We  report  high  etch  rates  of  aluminum  oxide  films  and  native 
aluminum  oxide  at  low  bias  voltages  using  a  microwave  ECR- 
source  argon  plasma.  Aluminum  oxide  films  were  prepared  by  re- 
actively  sputtering  an  aluminum  target  in  an  argon/oxygen  ambi¬ 
ent.  X-ray  photoelectron  spectroscopy  (XPS)  was  used  to  quantify 
the  oxygen/aluminum  ratios  of  these  films  and  to  compare  these 
values  with  those  found  in  native  aluminum  oxide  films.  By  using 
XPS  we  were  able  to  determine  how  effective  the  ECR  clean  was 
in  removing  native  aluminum  oxide. 

103  Analysis  of  Post-Metal  Etch  Processes  Causing  Submicron 
Technology  Corrosion  Defects:  K.  E.  Mautz,  Motorola,  Inc.. 
Semiconductor  Products  Sector,  Austin,  TX  78762 

Post-metal  etch  corrosion  defects  on  submicron  devices  using 
Al/Si/Cu  alloy  metal  films  were  investigated.  Analysis  of  the  pro¬ 
cess  and  equipmental  factors  affecting  the  corrosion  defect  types 
was  done  anrf  the  mechanisms  were  determined.  Significant  dif¬ 
ferences  were  found  in  the  metal  etch  corrosion  prevention  pro¬ 
cesses.  ash  equipment  technology,  and  DI  water  rinse  processes. 
Factors  that  were  not  significant  were  the  solvent  clean  and  metal 
etch  chemistiy.  The  defects  occur  due  to  localized  surface  chlorine 
concentratioris. 

106  Pattern  Density  Effects  on  Corrosion  of  Aluminum 
Alloy/Refractory  Metal  Interconnects:  C.  G.  Gabriel,  VLSI 

Technology.  Inc..  San  Jose.  CA  95131.  R.  Wallach,  Lam  Research 
Corp..  Fremont.  CA  94538 

Corrosion  of  aluminum  after  plasma  etching  of  interconnects 
was  found  to  depend  on  pattern  density,  with  isolated  lines  cor¬ 
roding  more  readily  than  dense  lines.  The  pattern  density  effect 
originates  during  etch  and  continues  during  post-etch  passivation. 
Unlike  isolated  lines,  dense  lines  do  not  corrode  until  a  threshold 
level  of  residual  chlorine  is  reached  To  identify  the  likely  mecha¬ 
nism.  corrosion  was  observed  and  residual  chlorine  was  measured 
on  etched  wafers  with  various  spacings  of  metal  lines. 

107  Dry  Corrosion  Control  in  Aluminum  Etch  Using  O1/NH3 
in  Microwave  Downstream  Plasma:  5.  Mak  and  J.  Hwang, 

Applied  Materials,  Inc.,  Santa  Clara,  CA  95054 

A  post-etch  corrosion  prevention  process  using  a  microwave 
downstream  Oi/NH,  plasma  to  strip  tne  photoresist  mask  and  to 
remove  the  chlorides  from  the  wafer  surface  after  aluminum  etch 
has  been  developed.  Response  surface  methodology  was  applied  to 
study  the  parameter  effects.  Over  24  h,  corrosion-free  results  had 
been  demonstrated  and  repeatability  been  tested  on  the  Al-1  %  Si- 
0.5%  Cu/TiN  film  structure. 

108  Microcontamination  Reduction  and  Corrosion  Prevention 
for  Aluminum  Etch  Through  Loadlock  Improvements:  E. 

DeLaurentis  and  J.  Htvanq,  Applied  Materials.  Santa  Clara,  CA 
95054 

A  continuous  dry  nitrogen  purge  is  integrated  into  the  loadlock 
of  a  single  wafer,  multichamber  aluminum  etch  system.  The  purge 
allows  wtter  control  in  cross  contamination  lietween  the  etch 
chamber  and  the  loadlock  chamber,  and  minimizes  moisture  intro¬ 
duction  during  atmospheric  wafer  transfers.  The  loadlock  particle 
density  is  reduced  by  a  factor  of  5  to  10  Also,  problems  with  in¬ 
consistent  corrosion  performance  after  the  aluminum  etch  are  re¬ 
solved  and  corrosion-free  results  become  reproducible. 

1 99  RIE-Related  Sidewall  Voiding  in  Al-Cu  Allqy  Metallization 
for  ICs:  T.  H.  Danbenspeck  and  H.  K.  Lee,  IBM  General 
Technology  Div.,  Essex  Junction,  VT,  05452 

Sidewall  void  formation  in  submicron  Al/Cu  alloy  wires  has 
been  found  to  occur  as  a  result  of  tlte  manner  in  which  reactive  ion 
etch  (RIE)  processing  is  performed  and  controlled.  These  defects 
are  a  risk  for  both  reliability  and  yield.  Voids  form  in  response  to 
inappropriate  etch  process  conditions,  tool  contamination,  or  by  a 
thermally  initiated  reaction  during  resist  strip.  Void  formation 
data  are  presented  and  discussed  for  both  batch  and  single-wafer 
RIE  reactors. 

119  Wafer  Clampiilg  Effects  on  Etchback  of  CVD  Tungsten 

FIlnB:  L.  Shen,  L.  Wilson,  and  Y.  Chu,  Advanced  Micro  De¬ 
vices.  Sub-Micron  Development  Center,  Sunnyvale,  CA  94088- 
.3453 


Two  blanket  tungsten  etchback  processes  were  developed  for 
use  in  contact  and  via  fill  applications,  the  first  utilizing  a  2.25 
mm  clamp  and  the  second  a  6.0  mm  wafer  clamp.  Designed  exper¬ 
iments  for  both  processes  produced  good  agreement  between  cata¬ 
lyst  and  RSI.  The  2.25  mm  process  requires  multiple  steps  for  uni¬ 
form  plug  recession;  exposed  oxide  loading  eflWts  are  seen.  A 
SEM  plug  recess  study  of  the  6.0  mm  process  showed  uniform  re¬ 
cession  with  no  loading  effects;  however  the  factor  of  helium 
back-side  cooling  was  shown  to  produce  excessive  recession.  Plug 
recess  and  keyhole  size  were  studied  as  a  function  of  temperature. 

111  Mechanism  of  Residue  Formation  in  Low  Temperature 
Tungsten  Interconnect  Etch:  U.  C.  Sridharan,  Hewlett- 

Packard,  Palo  Alto,  CA  94303,  D.  Hartman  and  R.  Wright,  SE- 
MATECH,  Austin,  TX  78741,  M.  Kent,  Drytek/General  Signal, 
Wilmington,  MA  01887 

A  low  temperature  tungsten  etch  process  was  studied  in  the 
temperature  range  from  -50°  to  -10°C  using  pure  SFj  chemistry. 
Highly  anisotropic  tungsten  profiles  were  observed.  However  two 
types  of  residues,  namely,  “drift”  and  “spike"  were  observed  un¬ 
der  these  conditions.  Such  residue  formation  was  studied  in  detail. 
The  analyses  of  the  residue  indicated  the  presence  of  predomi¬ 
nantly  titanium  and  fluorine  in  the  drift  residue.  A  mechanism 
was  proposed  to  account  for  such  residue  formation. 

112  A  Kinetic  Study  of  Reactive  Ion  Etching  of  Tungsten  in 
SF1/O2  RF  Plasmas:  M.  C.  Peignon,  C.  Cardinaud,  and  G. 

Turban,  LPCM,  University  de  Nantes,  44072  Nantes  Cedex  03, 
France 

The  reactive  ion  etching  of  chemical  vapor  deposited  (CVD) 
tungsten  in  SF,/02  RF  plasma  has  been  investigate  by  means  of 
optical  emission  spectroscopy,  mass  spectrometry,  and  in  situ  x- 
ray  photoelectron  spectroscopy  (XPS).  This  study  is  particularly 
focused  on  the  etching  of  a  WO3/W  layer,  a  native  oxide  35-45  A 
thick  fWOj)  always  appearing  on  the  CVD  tungsten  surface.  Acti- 
nometry  measurements  show  an  excess  of  the  atomic  fluorine  and 
oxygen  relative  concentrations  during  the  etching  of  the  WO3  lay¬ 
er  as  compared  to  that  of  tungsten.  Two  etch  products  of  tungsten 
are  detected  by  mass  spectrometry:  WF,  and  WOF4.  In  pure  SFs 
plasma,  the  main  etch  product  of  WO3  and  W  is  In  SFj/O- 
(40/60)  plasma,  WFs  is  the  dominant  product  of  the  etching  of  the 
WO3  layer,  and  WOF,  that  of  W.  In  situ  XPS  analyses  show  the 
presence  of  fluorine,  oxygen,  and  sulfur  on  the  etched  tungsten 
surface.  The  role  of  these  elements  in  the  formation  of  the  two  etch 
products  of  tungsten  is  discussed. 

113  Optical  Emission  Studies  of  Etching  Tungsten  Silicide 
and  Polysilicon  Films:  X.  Y.  Qian,  D.  J.  Hemker,  and  G.  W. 

Hills,  Applied  Materials.  Santa  Clara,  CA  95054 

A  diode  array  spectrometer  has  been  used  to  study  optical 
emission  during  the  etching  of  tungsten  silicide  and  polysilicon 
stack  films  in  SF6/HBr/cT2/He/02  containing  discharges  in  a 
MERIE  reactor.  Experiments  are  reported  on  the  use  of  emission 
from  the  440  nm  region  as  a  suitable  endpoint  for  these  stacked 
nims.  Temporal  and  spatial  scans  of  the  optical  emission  give  in¬ 
sight  into  the  plasma  and  surface  chemistries,  the  influence  of  the 
magnetic  field  and  the  impact  of  hardware  design  on  the  plasma 
chemistry. 

114  Effect  of  Wafer-Average  and  Within-Die  Polysilicon  Pat¬ 
tern  Density  on  Transistor  Gate-Length  Definition  for  Cell- 

Based  ASIC  CMOS  Designs:  D.  Dimitrelis,  M.  Cameiro,  and  V. 
Dunton,  VLSI  Technology,  Inc.,  San  Jose,  CA  95131 

Cell-based  ASIC  designs  exhibit  large  transistor-density  vari¬ 
ation  depending  upon  the  logic  or  memory  function  they  imple¬ 
ment.  Therefore,  the  polysilicon  etch  process  for  an  ASIC  manu¬ 
facturing  line  must  be  pattern-density  indmendent.  Using  a  new¬ 
ly  designed  test  chip  we  characterize  the  effect  of  process  parame¬ 
ters  on  uniform  gate-length  definition  as  a  function  of  wafer-aver¬ 
age  and  within-die  polysilicon  pattern  density.  Results  are  pre¬ 
sented  for  polysilicon  etch  of  1 .0  pm  and  smaller  geometries  using 
an  SF«/C)2  plasma. 

115  Reactor  Characterization  for  a  Process  to  Etch  SiaNi 
Formed  on  Thin  SiOi:  P.  E.  Riley,  J.  C.  Sum,  and  D. 

Figueredo,  Hewlctt-P''ckard  Circuit  Technology  R&D,  Palo  Alto, 
CA  94303 

A  process  to  etch  LPCVD  Si3N,  which  has  been  deposited  over 
thin  thermal  SiOa  has  been  developed  with  an  AppliM  Materials 
8110  hexode  system.  To  insure  uniform  and  repeatable  processing 
with  sufficient  etch  selectivity  between  Si3N,  and  thin  SiOa,  the 
system  has  been  characterized  as  a  function  of  {«)  reactor  pressure, 
(ii)  O2  in  a  CHFa/Oa  mixture,  and  (Hi)  dc  bias  voltage. 

116  A  Sub-Half  Micron  Deep  UV  Integrated  ARC  Process: 

T.  To,  K.  Reinhardt,  P.  Westerfield,  S.  Sethi,  E.  Copsuto,  J. 
Kochan,  R.  Fuller,  and  A.  White,  SEMATECH,  Austin,  TX  78741 
A  sub-lialf  micron  deep  UV  process  has  been  implemented  us- 
iim  a  highly  absorbing  organic  antireflective  coating  (ARC).  The 
ARC  requires  plasma  etchum  for  rattem  delineation.  The  interac¬ 
tion  of  the  etch  gases  with  the  ARC  has  been  studied.  To  obtain  a 
robust,  production-worthy  process,  the  correct  choice  of  etch  gas¬ 
es  is  essential.  Various  etch  compositions  and  pretreatments  of  the 
underlying  film  surface  have  bmn  investigate.  The  final  process 
exhibits  stable  and  repeatable  CD  control,  is  devoid  of  micro- 
masking  residues  and  the  ARC  is  easily  stripped  after  etch. 
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117  Photoresist  Swelling  in  Hydrogen-Containing  Freon  Plas¬ 
mas:  y.  Kuo,  IBM  Research  Division,  T.J.  Watson  Research 

Center,  Yorktown  Heights,  NY  10598 

A  polymer  swelling  phenomenon  has  been  observed  when  a 
positive  photoresist  pattern  was  exposed  to  the  hydrogen-contain¬ 
ing  plasma  in  a  reactive  ion  etching  ch2imber.  The  swollen  polymer 
has  a  mushroom  profile  and  is  very  resistant  to  certain  plasma  at¬ 
tack.  The  swelling  rate  decreases  with  time.  FTIR  data  showed 
that  during  the  swelling  process,  (i)  new  bonds  were  formed,  (ti) 
fragments  were  lost,  and  (iii)  hydrogen  atoms  were  added.  LAM- 
MA  profile  showed  that  fragments  with  the  weight  range  of  60- 
360  were  lost  from  the  surface.  Therefore,  this  polymer  swelling 
phenomena  probably  involved  several  reactions:  chain  scission, 
cross-linking,  and  hydrogenation.  The  mechanism  of  the  process  is 
delineated.  Possible  applications  of  this  new  structure  are  also  dis¬ 
cussed. 

118  Comparison  of  Nonline  of  Sight  Resist  Ashing  Using  Mi¬ 
crowave  or  Radio  Frequency  Plasma  Generation:  J.  f. 

McOmber,  J.  T.  Davies,  J.  Howden,  and  M.  Wright,  GaSonics/IPC, 
San  Jose,  CA  95134,  K.  Saul,  Hewlett  Packard,  Northwest  l.C. 
Div.,  Corvallis,  OR  97330 

We  examined  resist  ashing  in  a  nonline  of  sight  downstream 
resist  asher  powdered  with  either  radio  frequency  or  microwave 
tor  reactive  species  generation.  The  ashing  process  is  discussed  as 
a  function  of  the  plasma  excitation  source.  The  process  is  found  to 
be  independent  of  the  plasma  excitation  source  at  temperatures  of 
150°C  or  less.  The  microwave  powered  plasma  demonstrates  a 
faster  ash  rate  at  the  temperatures  normally  used  for  production 
single  wafer  ashers. 

119  Analytical  Study  on  the  Mechanism  of  High  Dose  Ion  Im¬ 
planted  Photoresist  Ashing  in  a  True  Downstream  Plasma: 

X  C  Mu.  Intel  Corp.,  Components  Research,  Santa  Clara,  CA 
95051 

In  this  study,  we  present  our  understanding  of  the  basic  mech¬ 
anism  of  high  dose  ion-implanted  photoresist  ashing  process  in  a 
true  downstream  plasma  reactor.  Analytical  techniques,  such  as 
organic  SIMS,  thermal  desorption  mass  spectroscopic  analysis, 
and  FTIR  were  employed.  It  was  found  that  not  just  the  solvent, 
but  mainly  the  basic  resist  resin  in  the  photoresist  is  also  capable 
of  desorption,  which  is  the  dominant  factor  for  the  resist  explosion 
during  aown.stream  plasma  resist  ashing.  Some  alternative  process 
options  were  tried  to  alleviate  the  problem. 

1 20  Selective  Etching  of  Bilayer  Photoresist  Using  Multipolar 
Electron  C,vclotron  Resonance  Source:  S.  W.  Pang,  K  T. 

Sung,  and  K.  K  Ko,  Dept,  of  Electrical  Enmneering  and  Comput¬ 
er  Science,  University  of  Michigan.  Ann  Ariior.  MI  48109-2122 

A  bilayer  resist  typically  consists  of  a  thin  imaging  layer 
(20  run)  and  a  thick  bottom  layer  ( 1  pm).  The  etching  of  the  bottom 
layer  resist  requires  high  selectivity  against  the  imaging  layer,  ver¬ 
tical  etch  profile,  and  low  damage  to  the  underlying  substrate.  A 
high  density,  low  pressure  electron  cyclotron  resonance  (ECR) 
source  together  with  a  RF-powered  electrode  can  provide  more 
flexibility  to  meet  these  requirements  than  conventional  reactive 
ion  etching  systems  Effects  of  microwave  power.  RF  power,  ECR 
source  to  sample  distance,  and  pressure  on  resist  etch  rate  in  an  O- 
plasma  are  shown.  Etch  rate  was  found  to  increase  with  mi¬ 
crowave  and  RF  power,  but  decrease  with  source  to  sample  dis¬ 
tance  Photoresist  was  etched  with  smooth  morphology  and  fast 
etch  rate  up  to  1.6  pm/min.  The  optimal  conditions  for  oilayer  re¬ 
sist  etching  are  discussed 

121  Plasma  CVD  of  a-SiC:H  for  X-Ray  Mask  Membranes  Using 
a  Helical  Resonator  Discharge:  A.  D.  Johnson,  D.  E.  Ibbot- 

son.  and  J.  A.  Mucha,  AT&T  Bell  Laboratories,  Murray  Hill,  NJ 
07974 

Smooth,  optically  transparent.  a-SiC:H  thin  films  have  been 
deposited  on  Si  substrates  from  silacyclobutane,  SiCjH,  (SCB),  in 
a  low  pressure,  cold  wall,  helical  resonator  (HR)  plasma  CVD  reac¬ 
tor  The  HR  source  geometry  allows  flexibility  in  the  placement  of 
the  plasma  zone  relative  to  the  gas  feed  and  substrate.  SCB  de¬ 
posits  stoichiometric  a-SiC:H  (C:Si  =  1)  over  the  temperature 
range  370-685 ’C,  independent  of  flow  rate.  Decomposing  SCB  in  a 
plasma  allows  stress  control  over  the  range  10'”  dyn/cm‘ compres¬ 
sive  to  10'”  dyn/cm’  tensile,  at  constant  temperature.  ERD  has 
been  used  to  measure  the  hydrogen  content  of  a-SiC:H  for  various 
processing  conditions. 

122  Composition  and  Stability  of  Plasma-Deposited  Fluori- 
nated  Silicon  Nitride  Thin  Films:  R.  Costantino,  C.  Mari- 

nensi,  G  T^ni,  and  A.  Zanobi,  Eniricerche  S.p.A,,  1-00016  Mon- 
terotondo,  Rome,  Italy 

Fluorinated  silicon  nitride  films  have  been  deposited  by  plas¬ 
ma-enhanced  chemical  vapor  deposition  (PE-Cl^)  using  SiH«- 
NTj-Nj  gas  mixtures  at  13.56  MHz.  We  studied  fluorinatM  films 
by  varying  the  relative  (NFil/lSiH^I  flow  ratio  in  the  range  0.1-1. 6 
and  the  RF  power  in  the  raw  50-100  W.  The  addition  of  NFs  to 
deposition  gas  mixtures  signiiicantly  reduces  the  concentration  of 
H  bonded  to  Si,  because  strong  Si— F  bonds  replace  weak  Si— H 
bonds,  and  the  hydrogen  remainiim  in  film  is  present  as  stable 
N  H  bonds.  Films  with  lar^r  [SiH,l/[NFiI  flow  ratio  hydrolize 
rapidly  to  silicon  dioxide,  while  films  with  lower  [SiHjl/Ilfrjl  flow 
ratios  remain  unchanged  in  time.  Fluorinated  silicon  nitride  films 
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show  a  decrease  in  refractive  index  compared  to  unfluorinated  sil¬ 
icon  nitride  films. 

123  Modeling  and  Simulation  of  Plasma  Enhanced  Chmnical 
Vapor  Deposition  of  Silicon  Nitride:  M.  Mazhar  IslamRaja, 

Center  for  Integrated  Systems,  Stanford  University,  Stanford,  CA 
94305,  A.  J.  Bariya,  National  Semiconductor  Corp.,  Santa  Clara, 
CA  95052,  J.  P.  MeVittie,  Center  for  Integrated  Systems,  Stanford 
University,  Stanford,  CA  94305,  M.  A.  Cappelli,  Dept,  of  Mechan¬ 
ical  Engineering,  Stanford  University,  Stanford,  CA  94305,  K.  C. 
Saraswat,  Center  for  InteCTated  Systems,  Stanford  University 
Stanford,  CA  94305,  L.  Mooerly  and  R.  Lahri,  National  Semicon¬ 
ductor  Corp.,  Santa  Clara,  CA  95052 

An  anamical  model  has  been  develop^  to  simulate  profile 
evolution  during  plasma  enhanced  chemical  vapor  deposition 
(PECVD)  of  silicon  nitride.  The  model  takes  into  account  adsorp- 
tion/re-emission  at  the  surface  and  a  spatially  varying  sticking  co¬ 
efficient  (reaction  probability)  of  the  rate  limiting  precursor.  The 
sticking  coefficient  is  modeled  as  a  linear  function  of  the  incident 
ion  energy  flux,  having  a  minimum  value  of  0.2  and  a  maximum 
value  of  0.28.  This  m^el  accurately  predicts  the  experimental 
profile  evolution  in  structures  of  different  geometries. 

124  Characterization  of  PECVD  Nitride  Films  Used  in  VLSI 
Applications:  A.  K.  Stamper,  S.  L.  Pennington,  and  G. 

Bazan,  IBM  General  Technology  Div.,  Essex  Junction,  VT  05495 
Several  PECJVD  SiN^H,  processes  used  in  VLSI  applications 
are  discussed.  Films  have  t^n  deposited  in  an  Applied  Materials 
AME5000  cluster  CVD/etch  tool.  The  processes  are  characterized 
in  terms  of  deposition  rates,  uniformity  across  200  mm  silicon 
wafers,  conformality  over  metal  lines,  density,  etch  rates,  stress, 
index  of  refraction,  and  stoichiometry.  PECVD  nitride  processes 
with  high  deposition  rates  and  good  conformality  are  presented 
along  with  processes  with  etch  rates  comparable  to  LPCVD  nitride 
films. 

125  Deposition  of  Silicon  Nitride  Films  by  ECR-Enhanced 
CVD:  J.  D.  Chapple-Sokol  and  D.  E.  Kotecki,  IBM  Semi¬ 
conductor  Research  and  Development  Center,  Hopewell  Junction. 
NY  12533 

Silicon  nitride  films  were  deposited  by  microwave/ECR  depo¬ 
sition  from  NH,  and  SiH,  or  Si2H6.  Dependence  of  film  properties 
on  deposition  conditions  was  studied.  Films  deposited  at  less  than 
-500''C  had  about  twice  the  bonded  hydrogen  content  of  those  de¬ 
posited  at  500'’C.  With  increasing  temperature,  an  increase  in  re¬ 
fractive  index  was  observed.  Increasing  microwave  power  caused 
an  increase  in  deposition  rate  and  a  decrease  in  refractive  index. 
Intrinsic  stress  in  films  was  tensile,  and  wet  etch  rates  were  com¬ 
parable  to  those  of  LPCVD  nitride. 

126  Plasma  De]msition  and  Characterization  of  Fluorinated 
Silicon  Nitride:  S.  V.  Nguyen,  D.  Dobuzinsky,  R.  Gleason, 

and  M.  Gibson,  IBM  General  Technology  Div.,  Essex  Junction,  VT 
05452 

Fluorinated  silicon  nitride  films  were  deposited  in  a  single 
wafer  plasma-enhanced  chemical  vapor  deposition  system 
(13.6  MHz)  using  silane  (SiH,).  silicon  tetrafluoride  (SiF,),  and  ni¬ 
trogen  as  reactant  gases.  The  fluorinated  silicon  nitride  films, 
formed  at  300'’-400'’C  and  SiF, /SiH,  greater  than  1,  have  good 
thicknes-  '•ontrol  and  uniformity,  good  step  coverage  on  silicon 
surface,  and  are  stable  in  air  ambient  and  after  annealing  at  900°C 
in  nitrogen.  Compositional  analysis  shows  that  up  to  17  atomic 
percent  of  fluorine  can  be  incorporated  into  the  films  without 
causing  degradation  in  subsequent  long  term  air  exposure.  The 
film's  MOS  electrical  properties,  plasma  RIE,  and  wet  etch  rates 
are  also  studied  in  detail. 

127  Modeling  of  PECVD  TEDS  Oxide  Step  Coverage  Using  an 
Overhang  Structure:  C.  Chang,  J.  P.  MeVittie,  and  K.  C. 

Saraswat,  Center  for  Integrated  System,  Stanford  University, 
Stanford.  CA  94305 

PECVD  TEOS  oxide  deposition  on  an  overhang  structure  has 
been  performed.  Comparisons  of  experimental  and  simulated  pro¬ 
files  nave  determinea  effective  values  for  the  precursor  sticking 
coefficient.  S„  and  the  ion  distribution  factor  fC,.  The  PECVD  pro¬ 
cess  was  modeled  as  a  linear  combination  of  a  neutral  precursor 
and  ion  energy  limited  growth  components.  Simulation  based  on 
such  a  model  indicates  that  (i)  the  neutral  prccursor/LPCVD  com¬ 
ponent  accounts  for  80%  of  the  deposition  on  the  top  of  the  over- 
nang  structure  and  the  underside  profiles  are  characterized  by  a 
S„  of  0.15,  and  (ti)  the  ion  angular  distribution  is  characterized  by 
Kd  =  1.3  and  the  ion  enhancement  component  is  responsible  for 
20%  of  the  deposition  on  top  and  0%  in  the  shadowed  regions. 

128  Low  Temperature  Deposition  of  SiOi  by  DECR-PECVD: 

B.  Apius,  Institut  Universitaire  de  Technolo^e,  University 
de  Paris  Sud  (XI),  Plateau  du  Moulon,  91403  Ors^  Cedex,  France 
Thin  films  of  SiO,  have  been  deposited  on  Si  and  InP  sub¬ 
strates  by  SiH,-N:0  or  SiH,-0}  plasmas.  A  new  type  of  microwave 
excitation,  the  distributed  electron  cyclotron  resonance  (DECR) 
inducii^  the  formation  of  high  density  plasma  (-^lO"  cm-’)  of  low 
energy  ions  (••20  eV)  has  been  used.  Combiniiw  ellipsometry  and 
nuclear  microanalysis,  we  have  studied  the  relationship  between 
the  optical  properties  and  the  atomic  composition  of  the  film. 
Moreover,  we  have  shown  that  high  resistivity  thin  films  (>4  10'* 
Q  cm)  can  be  deposited  at  low  temperature  (<120°C)  and  a  low  in- 
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terface  state  distribution  (2  »  10"  eV  ‘  cm  -)  can  be  achieved  for 
SiO,-InP  structure. 

129  Effects  of  BF  Frequencies  and  Deposition  Bates  on  the 
Moisture  Bcsistance  of  PECVD  TEOS-Based  Oxide  Films; 

S.  A.  Robles,  M.  Galiano,  and  B.  C.  Nguyen,  Applied  Materials 
Inc..  Santa  Clara,  CA  95054 

The  moisture  resistance  of  PECVD  TEOS-bascd  undoped  oxide 
films  deposited  using  different  RF  frequencies  and  deposition 
rates  were  investigated  using  IR  spectroscopy,  NRA  hydrogen 
analysis,  and  stress-temperature  analysis.  The  frequencies  used  to 
ignite  the  plasma  were:  13.56  MHz  only,  13.56  ^Iz  mixed  with 
100-450  kHz,  and  100-450  kHz  only.  The  results  obtained  indicate 
that  the  oxide  moisture  resistance  is  not  determined  by  the  RF  fre¬ 
quencies  and  deposition  rates,  but  rather  by  the  initial  as-deposit¬ 
ed  film  stress 

130  Formation  of  High  Quality  Tantalum  Thin  Films  on  SiOi 
by  Dual-Frequency-Excitation  Plasma  Process:  H.  Waka- 

rnatsu.  S.  Aoyama,  J.  Watanabe,  N.  Konishi,  and  T.  Ohmi,  Dept,  of 
Electronics,  Faculty  of  Engineering.  Tohoku  University,  Sendai 
980.  Japan 

Among  various  methods  of  formation  of  tantalum  oxide  films 
for  DRAM  capacitors,  we  are  studying  the  direct  oxidation  of  tan¬ 
talum  films.  To  obtain  high  quality  dielectrics  in  such  an  oxida¬ 
tion  approach,  it  is  needed  to  prepare  high  quality  and  high  crys¬ 
tallinity  tantalum  films  prior  to  oxidation  We  have  developed 
dual-frequency-excitation  plasma  process  equipment  of  multi¬ 
chamber  construction  In  this  work  we  investigate  the  effects  of 
ion  flux  density  and  ion  bombardment  energy  on  the  Ta  film  for¬ 
mation  process  on  SiO..  We  have  obtained  high  crystallinity  Ta 
films  on  SiO,.  when  Ta  film  were  formed  under  relatively  high  ion 
bombardment  energies  (several  tens  of  eV)  with  sufficient  ion  flux 
density  which  were  conducted  after  SiO.  film  baking  and  in  situ 
substrate  surface  plasma  cleaning. 

131  Control  of  Stress.  Stability,  and  Mechanicai  Properties  of 
PECVD  Dielectric  Films  for  GaAs  and  Si  Applications; 

T  H  W’u  and  L  A  Schneggenburger,  Motorola  Inc.,  Tempe,  AZ 
8.5282.  B  van  Schravendijk,  B  Sparks.  A.  S  Harms,  and  D.  G. 
Hemmes,  Novellus  Systems,  Inc  .  San  Jose,  CA  95113 

Plasma  enhanced  deposited  dielectrics  (nitrides  and  oxides)  are 
widely  used  in  advanced  silicon-based  VUSI  manufacturing.  The 
development  of  dual  frequency  plasmas  has  allowed  precise  stress 
control  of  these  films  on  both  Si  and  semi-insulating  GaAs  sub¬ 
strates  We  present  a  comprehensive  characterization  of  the  film 
properties  (nitndes  and  oxides)  on  both  substrates.  Results  of 
stress  rs  temperature  measurements  as  a  function  of  the  initial 
stress  values  are  presented  and  correlated  to  mechanical  proper¬ 
ties  of  the  films  and  their  composition  (FTIR.  Auger,  R  I.,  etc  ).  The 
stability  of  these  films  over  time  and  during  temperature  cycle  is 
directly  related  to  as-deposited  film  stress 

132  Formation  and  Characterization  of  Zirconia  Films  by  Plas¬ 
ma-Enhanced  Chemical  Vapor  Deposition:  C.  C.  Chen. 

M  M  Nasrallah.  and  H  U.  Anderson.  University  of  Missouri-Rol- 
la.  Ceramic  Engineering  Dept  ,  Rolla.  MO  65401,  W  J.  James.  Uni- 
versitv  of  Missouri-Rolla.  Materials  Research  Center,  Rolla.  MO 
65401’ 

Zirconia  (ZrOj)  films  have  been  fabricated  from  zirconium 
tetra  t-butoxide  using  plasma-enhanced  chemical  vapor  deposi¬ 
tion  (PE-CVD)  technique  The  effect  of  deposition  parameters: 
plasma  power,  substrate  temperature,  and  reactive  gas  flow,  on 
the  film  structure  is  presented  The  fabncated  films  were  dense 
and  transparent  The  development  of  structure  from  amorphous  to 
crystalline  and  the  effect  of  post  annealing  are  discussed  The  in- 
depth  profiles  of  composition  were  investigated  using  AES  Stoi¬ 
chiometric  cubic  ZrO,  films  were  successfully  deposit^  on  Si  sub¬ 
strates  Attempts  are  underway  to  deposit  dense  films  on  porous 
substrates 

SECOND  INTERNATIONAl,  SYMPOSIUM  ON  REDUCED  THERAAAI. 

BU0C3CT IIOCISSING  lOR  THE  FABWCATION  Of 

mkroeiectronk;  devices 

Dialaciric  Scianca  and  Tachnology/Elactronics 

133  Dafect-Fiea  Bapid  Thcnnal  ProcaMing:  Z.  Nenyei,  H. 
Walk,  and  T  Knarr.  AST  Elektronik  GmbH,  Science  Park 

7900-Ulm.  Germany 

A  new  approach  to  the  reduction  of  transient  thermal 
nonuniformities  during  the  rapid  thermal  processing  is  described. 
The  approach  utilizes  the  digital  control  of  heatinglamps  during 
the  processing  cycle.  The  power  absorbed  by  the  wafer  in  any  time 
period  of  processing  can  be  controlled  according  to  a  defined 
recipe  This  feature  allows  elimination  of  any  transient  tempera¬ 
ture  nonuniformities,  especially  during  heating-up.  The  power 
control,  tocher  with  the  proprietary  back-radiant  silicon  ring, 
allows  slip  free  processing. 

134  The  Impact  of  the  Wafer  Bach  SMe  oa  BTA  Procesamy  B 

Lojek,  Motorola  Inc  ,  Advanced  Technology  Center.  Mesa, 
AZ  85202 

The  emissivity  of  silicon  wafer  varies  not  only  with  tnnperature 
and  wavelength,  but  also  with  the  back-side  roughness  of  wafer 


In  production  environment,  the  back  side  of  the  wafer  is  subject  to 
wide  variations  which  is  not  easy  to  control.  In  order  to  define  the 
optical  properties  of  the  back  side  of  the  wafer,  quite  often  the 
back-side  etch  is  used.  Unfortunately,  this  is  not  very  good  prac¬ 
tice  because  the  wafer  shows  slip  more  easily.  In  addition,  there  is 
direct  correlation  between  the  warpage  and  etching  of  the  back 
side.  The  experiments  leading  to  this  identification  are  described 
and  mechanism  fc'.  n'  ohenomenon  are  discussed. 

135  Oxidation  of  Polycrystalline  Silicon  during  Wafer  Heating 

Up:  K.  Yamabe,  K.  Imai,  J.  Shiozawa,  V.  Suizu,  and  K. 
Okumura,  ULSI  Research  Center  and  Semiconductor  Group, 
Toshiba  Corp.,  1,  Komiikai  Toshiba-cho,  Saiwai-ku.  Kawasaki 
210,  Japan 

To  form  shallow  p-n  junction,  in  each  process  step  after  the  im¬ 
purity  doping,  thermal  budgets  have  to  be  decreased.  The  thermal 
budgets  of  the  heating-up  duration  are  obtained  by  measuring  the 
thicimess  of  the  oxide  grown  on  polycrystalline  Si  during  the  heat- 
ing-up  step.  And  then,  the  high  rate  heating-up  causes  the  ther¬ 
mally  grown  SiOj  films  to  have  low  leakage  current. 

136  An  Estimation  of  Thermal  Budget  for  Wafer  Cooling  Down 
from  Impurity  Diffusion:  K.  Yamabe,  K.  Imai.  H. 

Kawaguchi,  Y.  Suizu,  and  K.  Okumura,  ULSI  Research  Center 
and  Semiconductor  Group,  Toshiba  Corp.,  1,  Komukai  Toshiba- 
cho,  Saiwai-ku.  Kawasaki  210,  Japan 

As  wafer  size  increases,  heating-up  and  cooling-down  durations 
become  a  larger  fraction  of  total  process  time.  Here,  we  estimate 
the  thermal  budget  of  the  cooling  duration  as  a  function  of  the 
cooling  rate  from  1000°  to  800°C  by  using  the  experimental  boron 
and  arsenic  profiles  and  the  computer  simulation.  The  effective 
diffusion  time  at  1000“C  is  approximately  in  inverse  proportior.  to 
the  cooling  rate  over  the  whole  range  of  the  cooling  rate  of  2°-60° 
C/min. 

137  Reliability  Characterization  of  BTO  and  O^-Diluted  Thin 
Gate  Oxides;  L.  A.  Fonseca'  and  F.  Campabadal.  Centro 

Nacional  de  Microelectrbnica,  Universidad  Autonoma  de 
Barcelona.  08193  Bellaterra.  Spain 

RTO  and  Os-dihited  thin  oxid  's  have  been  electrically  charac¬ 
terized.  C-V  analysis  and  barrier  values  around  3  eV  for  FN  tun¬ 
neling  conduction  reflected  good  interface  quality  and  structural 
properties  in  both  cases.  Superior  storage  time  of  RTO  capacitors 
showed  that  no  serious  damage  was  prcduced  in  the  substrate  in 
spite  of  aggressive  thermal  cycling.  TZDB  and  TDDB  experiments 
were  also  performed,  RTO  oxides  resulting  in  superior  reliability 
terms,  presented  a  slightly  larger  dielectnc  strength  and  signifi¬ 
cantly  larger  Qbd. 

138  A  Study  of  the  Effect  of  Deposition  Parameters  on  the 
Growth  Rates  and  Microstnicture  of  Silicon  Homoepitaxial 

Films  Grown  by  ArF  Laser-Enhanced  Chemical  Vapor  Deposition; 

S.  Krishnan,  S.  Lian,  B.  Fowler,  L.  Jung,  C.  Li,  D.  Samara,  I.  Man¬ 
na,  and  S.  Banerjee,  Microelectronics  Research  Center,  University 
of  Texas,  Austin,  TX  78712 

The  effect  of  deposition  parameters  on  the  growth  rate  and  mi¬ 
crostructure  of  Si  homoepitaxial  films,  grown  by  ArF  excimer 
laser-enhanced  photodissociation  of  Si^He  has  been  studied.  The 
growth  is  performed  in  an  ultra-high  vacuum  chamber  with  the 
laser  beam  shining  parallel  to  the  substrate  whose  temperature  is 
held  at  300°C  The  deposition  pressure,  when  varied  in  the  range 
of  600-1200  mTorr.  does  not  have  a  significant  effect  on  the 
growth  rate  as  long  as  the  Si;H,  partial  pressure  is  held  constant  at 
10  mTorr,  though  the  ciystallinity  improves  with  increasing  depo¬ 
sition  pressure,  as  confirmed  by  in  situ  RHEED  analysis.  For  a 
constant  deposition  pressure,  the  growth  rate  falls  with  increasing 
distance  between  the  substrate  and  the  laser  beam,  when  it  is  var¬ 
ied  from  0-15  mm.  since  fewer  precursors  are  able  to  reach  the 
substrate.  The  growth  rate  is  independent  of  the  repetition  rate  of 
the  laser  as  long  as  the  average  power  is  held  constant.  On  the  oth¬ 
er  hand,  it  linearly  increases  with  the  repetition  rate  when  it  is 
varied  in  the  range  of  2-80  Hz,  keeping  the  energy  per  pulse  con¬ 
stant  The  crystallinity  is  preserved  even  at  2  Hz. 

139  A  Green’s  Function  Approach  to  a  Growth  Kinetic  Model 
for  Low  Temperature  Si  Homoepitaxy  by  ArF  Excimer 

Laser-Enhanced  PhMo  Chemical  Vapor  Deposition  Using  Di¬ 
silane;  S.Lian,  B.  Fowler,  S.  Krishnan,  L.  Jung,  C.  Li,  D.  Samara, 
I.  Manna,  and  S.  Banerjee,  Microelectronics  Research  Center,  Uni¬ 
versity  of  Texas,  Austin.  TX  78712 

Low  temperature  Si  homoepitaxy  by  ArF  excimer  laser-en¬ 
hanced  photo  chemical  vapor  deposition  (PCVD)  using  disilane  in 
an  ultra-high  vacuum  (UHV)  deposition  chamter  has  been  suc¬ 
cessfully  araieved  at  temp^tures  as  low  as  250°C.  A  Green’s 
function  based  gror^h  kinetic  model  has  been  developed  based  on 
the  gas  phase  reactions  of  the  primary  photolysis  products,  diffu¬ 
sion  of  silicon-bearing  radicals  to  the  powth  surface,  and  experi¬ 
mental  data.  The  gn^h  rate  g^Jan'HQmS  exp  (-Xt'/o’  * 
4DT,)(o’  *  4DTi)''*^exp  (£^K7V2pXe  where  J  is  laser  intensity  in 
photons/pulse  cm^  a  is  the  absot^on  cross  section  of  SitHa  at 
193  nm,  n  is  the  concentratimi  of  growth  precursors,  a  is  the 
photofri^pnent  yield  from  excited  dirilane,  and  S  is  the  sticking 
coefficient.  All  the  parameters  in  the  above  et^tion  are  either 
knosm  or  are  measurable  except  for  ts  and  S.  TYom  the  growth 
data.  aS  is  estimated  to  be  0.075  which  is  consistent  with  the  value 
from  other  researchers  m  =  0.05,  0.1  <  8  <  0.26.  The  linear  depen- 
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dence  of  growth  rate  on  laser  intensity  and  disilane  partial  pres¬ 
sure  indicates  that  the  rate  limiting  step  is  the  photo^issociation 
generation  rate  of  the  growth  precursors. 

140  A  Novel  Solid  Phase  Epitaxy  by  SS  Irradiation  and  Its 
Electrical  Characterization:  K.  Goto,  F.  Sato,  I.  Fujimoto, 

and  T.  Tajima,  NHK  Science  and  Technical  Research  Laborato- 
nes,  1-10-11,  Kinuta,  ^tagaya-ku,  Tokyo  157,  Japan 

Solid-phase  epita:^  by  x-ray  irradiation  (SPEXI)  technique  us¬ 
ing  synchrotron  radiation  has  been  applied  to  the  post-annealing 
of  amorphized  silicon  surface  layers  by  the  implantation  of  phos¬ 
phorus.  By  spreading-resistance  and  SIMS  measurements  it  was 
fotind  that  by  SPEXI,  the  higher  electrical  activation  of  implanted 
phosphorus  can  be  achievedat  much  lower  temperatures  than  by 
conventional  furnace  annealing.  NMOS  FET’s  fabricated  on  non- 
doped  SPEXI  films  also  showed  almost  the  same  characteristics  as 
those  on  single  crystal  wafers. 

141  A  Low  Resistivity  Polysilicon  Film  Fabricated  with  a 
SijHi^H,  Mixture  at  3S0°C:  J.  Shiozotca,  K.  Yamabe,  Y. 

Kasai.  S.  Miyazaki,  and  Y  Mikata,  ULSl  Research  Center  and 
Semiconductor  Group,  Toshiba  Corp.,  1,  Komukai  Toshiba-cho, 
Saiwai-ku,  Kawasaki,  210,  Japan 

The  preparation  of  boron-doped  piolysilcon  films  such  as  to  pro¬ 
vide  low  resistivity  films  in  conjunction  with  well-uniformity  of 
doping  has  been  proposed.  Typical  parameters  of  the  process  are 
as  follows:  deposition  temperature  of  350°C,  source  gas  of  Si,H« 
heavily  mixed  with  B-H,,  crystallization  temperature  of  BOO^C  and 
so  forth,  and  17  mil  cm  po'ly-Si  films  have  been  obtained 

142  Depmition  and  Characterization  of  Crystallized  LPCVD 
Si-Films  Obtained  by  Low-Temperature  Pyrolysis  of  Disi¬ 
lane:  A.  T  Voutsas  and  M  K,  Hatalis.  Sherman  Fairchild  Labora¬ 
tory.  Lehigh  University,  Bethlehem,  PA  18015 

The  deposition  of  silicon  films  from  a  5%  disilane  in  He  gas  was 
studied  over  a  wide  range  of  deposition  conditions.  Different  de¬ 
position  temperatures,  pressures,  gas  flow  rates,  and  wafer  spac- 
ings  were  utilized  The  deposition  rate  ranged  between  1  and  4 
nm/min.  depending  upon  the  operating  conditions.  The  as-de¬ 
posited  amorphous  films  were  crystallized  at  600°C  for  various  an¬ 
nealing  limes.  The  final  gram  size  of  the  films  was  related  to  the 
combination  of  two  nucleation  mechanisms,  which  were  shown  to 
depend  upon  the  deposition  conditions. 

1 43  Photo-Enhanced  Reaction  during  Chemically  Vapor-Depo- 
.sition  of  Tantalum  Pentoxide  with  Low  Leakage  Current: 

S  Tanimoto.  M  Matsui,  N.  Shibata.  K.  Kamisako.  K  Kuroiwa. 
and  y  Tarui,  Tarui  Laboratory.  Dept,  of  Electronic  Engineering. 
Tokyo  Universitv  of  Agriculture  and  Technology,  2-24-16.  Naka- 
mati,  Koganei.  Tbk.vo  184,  Japan 

This  paper  sheds  some  lignt  on  molecular-chemical  reactions, 
especially  photo-enhanced  reactions  occurring  on  substrates  dur¬ 
ing  LPCVD  of  Ta.Oi  films  with  verv  low  leakage  current  For  this 
punxise,  we  introduce  a  modified  photo-CVD  with  cyclic  injection 
of  TaCI  ,  vapor  and  O;,  and  periodic  UV  irradiation  synchronized 
with  the  vapor  injections  We  show  that  the  activation  of  TaCU  ad¬ 
sorbing  on  the  substrate  virtually  dominates  the  growth  rate  and 
that  the  CTowth  rate  is  greatly  enhanced  by  a  relatively  small 
amount  of  UV'  flux 

144  Low-Thermal-Bttdget  Emitter  Formation  Using  In  Situ 
Phosphorus-Doped  TAS  (Thermally  Deposited  Amrphous 

Silicon):  H  Miyata.  A.  Tsukune,  F  Mieno,  Y  Furumura.  H. 
Tsuchikawa,  A.  Shimizu,  /.  Namura,  and  T.  Ono,  Process  Develop¬ 
ment  Div  .  Fujitsu  Ltd  .  1015  Kamikodanaka  Nakahara-ku. 
Kawasaki  21 1.  Japan 

We  have  successfully  developed  in  Jifu  phosphorus  doped  TAS 
(thermally  deposited  amorphous  silicon)  using  a  single-wafer  re¬ 
actor  fn  .situ  phosphorus  doped  TAS  film  has  a  good  coverage  and 
a  flat  surface,  and  achieves  tow -resistivity  by  low -temperature  an¬ 
nealing  below  800°C  We  tried  to  form  emitter  using  in  situ  phos¬ 
phorus  doped  TAS  film  Transistors  with  750'’C  annealed  emitter 
showed  nght  characteristics.  Its  Vcp,  was  5  V  and  hn  was  100  to 
120  in  emitter  common  mode  This  technology  promises  a  reduc¬ 
tion  of  thermal-budget  for  device  fabrication 

145  A  Highly  Reliable  Rapid  Tbennal  Sinteriim  Process  for 
Alvnunum  Alloy  Metallization:  A.  Husain,  L.  S.  I  Logic 

Corp  .  Milpitas  CA  95035 

Silicon  precipitation  during  the  post  Al/Si  or  Al/Si/Cu  metal¬ 
lization  is  considerably  alterra  using  silicon  specific  lamp  for  the 
rapid  thennal  sintering  process.  A  significant  increase  (-10%)  in 
the  post  assembly  test  jAeld  and  an  improvement  by  factor  of  2.5  in 
long  term  reliability  are  shown.  Moreover,  reduction  of  Si  precipi¬ 
tate  size  and  hillocks  density  is  shown.  Reduction  of  stress  voids 
and  an  increase  in  the  electromigration  resistance  for  the  metal 
lines  .ire  discussed 

14f  Therzsal  StaMHty  of  Thia  Suhmicraawter  Lfases  at  CaSI,: 

Q.  Wang  and  C.  A.  Canonoi,  Dept,  of  Electrical  and  Com¬ 
puter  Engineering,  North  Caitdina  State  University.  Raleigh,  NC 
h695.  C  M  Otbum.  P.  L.  Smith,  and  G.  B.  McOam,  MCNC.  Cen¬ 
ter  for  Microelectronics,  Research  Triangle  Park,  NC  27709 

The  thermal  stability  of  submicron  CoSii  lines  on  Si  substrates 
was  investigated  using  electrical,  m  situ  TEM,  RBS,  and  SEM 
measurements  The  as.Aormed  silicide  was  thinner  at  the  edges  of 
features,  giving  rise  to  an  apparent  difference  in  the  electrically 


equivalent  linewidth  and  its  physical  size.  The  45  ran  silicide  films 
started  to  degrade  above  1000°C.  However,  no  line  width  depen¬ 
dence  of  this  resistance  degradation  was  observed  up  to  1 000‘“C  for 
linewidths  down  to  0.45  gm. 

147  Effects  of  Dopants  in  Polysilicon  on  Titanium  Silicide  D^- 
radation:  T.  Koch,  Integrated  Circuits  Business  Div., 

Hewlett-Packard,  Corvallis,  OR  97330 

The  effects  of  polysilicon  dopants  on  the  titanium  silicide 
formed  by  rapid  thermal  processing  were  studied  as  a  function  of 
linewidth  down  to  1  jim.  Significant  degradation  of  the  TiSi,  dur¬ 
ing  PSG  densification  at  temperatures  Iwtween  800  and  900°C  was 
observed  for  patterned  polysilicon  near  1  gm  linewidth  due  to  un¬ 
intended  implanting  of  molybdenum  during  the  BFj  source/drain 
implant.  The  affects  of  other  dopants  in  polysilicon  including  ther¬ 
mal  doping  with  POClj  and  implanted  arsenic  and  phosphorus  on 
the  titanium  silicide  high  temperature  compatibility  are  also  dis¬ 
cussed.  The  investigation  techniques  included  sheet  resistance 
measurements,  elemental  depth  profiling,  scanning  and  transmis¬ 
sion  electron  microscopy. 

148  Low  Temperatuie  Sub-Atmospheric  CVD  USG/PSG  for 
Gap  Filling  and  Planarization  of  Advanced  Submicron 

Memory  Devices:  D.  Cote,  H.  Nobel,  and  C.  Basa,  Advanced  ^mi- 
conductor  Technolow  Center.  Hopewell  Junction,  NY  12533,  K. 
Kwok,  E.  Yuh,  and  B.  C.  Nguyen,  Applied  Materials  Inc.,  Santa 
Clara,  CA  95054,  B.  Neureither,  Siemens  Components  Inc.,  Iselin, 
NJ  08830 

A  low  temperature  sub-atmospheric  (SACVD)  TEOS/Oj  process 
has  been  developed  to  deposit  undoped  and  P-doped  glasses  as  the 
dielectric  insulator  between  the  polycide  gate  conductor  and  the 
first  level  metal  for  advanced  submicron  DRAM  applications.  TTie 
PSG  films  can  fill  0.3  gm  spaces  with  aspect  ratio  greater  than  2:1 
without  any  physical  voids.  The  effects  of  process  conditions  on 
the  film  properties,  gap  filling  capability,  and  planarization  prop¬ 
erties  of  these  glasses  are  presented. 

149  Water  Trapping  and  Detrapping  in  Thin  Film  Dielectrics: 
Temperature  I)e|>endence  and  Water-Trap  Dynamics:  J.  N. 

Cox,  J.  Z.  Ren,  and  J.  M.  Van  Horn,  Intel  Corp.,  Santa  Clara,  CA 
95052-8126,  K.  W.  Kwok,  Applied  Materials.  Santa  Clara.  CA 
95054 

Reduced-thermal-budget  processes  often  eliminate  high-tem¬ 
perature  annealing  steps,  which  normally  serve  to  stabilize  dielec¬ 
tric  films  by  removing  trapped  water  and  other  contaminants.  Re¬ 
garding  trapped  water,  data  collected  by  Fourier  transform  in¬ 
frared  spectrophotometry  (FTIR)  show  that,  when  the  water-traps 
in  a  film  are  filled,  the  water  is  present  either  as  “isolated  silanoV' 
or  as  "associated  silanol."  Moisture  evolution  analysis  (MEA), 
however,  reveals  that  there  can  be  more  than  one  type  of  water- 
trap  present  which  is  filled  by  associated  silanol.  These  different 
water-traps  empty  at  distinct  temperatures  in  the  100-500°C 
regime.  FTIR  at  static  temperatures  cannot  delineate  this  sub¬ 
structure  of  water-traps.  While  results  for  several  types  of  films 
are  presented,  an  emphasis  is  given  to  data  for  films  produced  by 
thermal-TEOS  CVD,  since  it  best  illustrates  the  dynamics  of  the 
water-traps. 

150  Characterization  of  Remote  Plasma  Enhanced  CVD  ONO 
Structures  Using  Electron  Holography  and  Energy  Loss  Mi¬ 
croscopy:  G.  L  Waytena,  9230  Valley  Stream  Road,  Clarence,  NY 
14031.  P.  Rez,  J.  K.  Weiss,  and  W.  J.  DeRuijter,  Center  for  ^lid 
State  Science,  Arizona  State  University,  Tempe,  AZ  85287-1704, 
S.  V.  Hattangady  and  C.  C.  Fountain,  Ftesearen  Triangle  Institute, 
Research  Triangle  Park.  NC  27709-2194 

Oxide-nitride-oxide  layered  structures  with  oxide  layers  1-3  nm 
wide  were  deposited  ^  remote  plasma  enhanced  chemical  vapor 
deposition  at  300°C.  These  films  were  characterized  by  electron 
holography  and  high  resolution  transmission  electron  microscopy 
and  electron  energy  loss  spectrometry.  Our  results  show  that  the 
first  oxide  layer  varies  in  thickness  between  0.4  and  1  nm  and 
there  is  mixing  between  the  nitride  and  the  second  oxide  layer.  We 
show  the  power  of  holography  in  characterizing  thin  light  element 
amorphous  layers. 

151  BPSG’s  Viscosity  DetcmiiMtioa  for  Ra|M  Flow  AnnealiBg 
Optiinizaliaii;  A.  Tissier,  Centre  National  d'Etudes  des  T4I^ 

communications  (CNET),  Group,  TCI/IIP,  38243  Meylan,  France, 
J.-F.  Teissier,  SEl,  38110  La  Tour  du  ftn,  France,  A.  Poncet, 
CNET,  Group,  CCI/MDT,  and  D.  Sanchez,  CNET,  Group. 
TCI/FAB.  BP98-38243  Meylan,  France 

An  original  method  for  the  determiiution  of  the  borophosphosil- 
icate  glasses  (BPSG)  viscosity  is  described  which  anociates  nu¬ 
merical  models  for  RTP  and  in  situ  characterization  of  the  flow 
rate  using  light  diffraction  over  regular  test  patterns.  Thmiks  to 
the  linearity  of  the  model,  and  constant  surface  coefficient  bedng 
assumed,  it  turns  out  that  viscosity  fitting  is  very  similar  to  a  time 
scaling.  The  influence  on  the  viscosiW  of  the  major  parameters, 
temperature  txMon  concentration,  and  DVD  conditions,  ate  ana¬ 
lyzed.  Decisive  implications  on  complimentary  metal  oxide  semi¬ 
conductor  processes  are  shown. 

152  AuMhatag  of  Boron  from  BSG  Glass:  K.  D.  Beyer,  G. 
Fitzpiboon,  and  P.  A.  Ronsheim,  IBM  General  Technology 

Div  .  East  mshkill  Facility.  Hopewell  Junction,  NY  12533 
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During  heat-treatments  required  for  trench  isolation  using  BSG 
as  a  trench  fill,  thin  SiO-  layers  are  sufficient  to  mask  the  diffusion 
of  boron  from  BSG.  The  transfer  of  boron  from  unprotected  BSG 
surfaces  onto  silicon  was  investigated  in  liquids  and  gaseous  am¬ 
bients.  Depletion  of  boron  from  BSG  was  found  after  immersions 
into  boiling  water.  Prolonged  rinsing  in  deionized  water  removed 
the  boron  contamination  incurred  during  immersions  of  bare  sili¬ 
con  surfaces.  Dry  O-  and  cause  negligible  out-diffusion  of 
boron  from  BSG  at  elevated  temperatures,  while  steam  produces  a 
measurable  loss  of  boron. 


FIFTH  INTERNATIONAI  SYMPOSIUM  ON  SaiCON-ON-INSUlATOR 
TECHNOLOGY  AND  DEVICES 

Electronics/Dielectric  Science  and  Technology 

153  Silicon-on-Insulator  Technology  and  Devices;  H.  H.  Ho- 

sack.  Texas  Instruments,  Inc,,  Dallas.  TX  75265 
Silicon-on-insulator  (SOI)  technology  has  been  shown  to  have 
significani  performance  and  fabrication  advantages  over  conven¬ 
tional  bulk  processing  for  large  scale  IC  applications.  Even  with 
these  advantages,  the  commercialization  of  this  technology  has 
been  paced  by  the  availability  of  SOI  material  meeting  the  price 
and  quality  requirements  necessary  for  volume  IC  production.  In 
this  paper  the  advantages  and  current  status  of  both  SOI  materials 
and  devices  are  described,  and  the  potential  for  meeting  the 
promises  of  SOI  in  volume  production  is  considered. 

154  Manufacturing  of  VLSI  CMOS  on  SDMOX  Substrates; 

J.  Yue.*  S.  l/rfce,  J.  Kueng,  R.  Roisen,  P.  Fechner.  G.  Don- 
gal.  and  M  Liu.  Solid  State  Electronics  Center,  Honeywell  Inc., 
Plymouth.  MN  55441 

There  has  been  significant  improvement  in  the  level  of  under¬ 
standing  of  SIMOX  (separation  by  implementation  of  oxygen)  pro¬ 
cess  control  in  the  past  few  years  Concerns  such  as  defect  density, 
contamination  in  the  top  silicon  layer,  and  pinholes  in  the  buried 
oxide  have  been  reduced  drastically  compared  to  5  years  ago.  This 
improved  SIMOX  material,  which  is  fully  compatible  with  silicon 
processing,  has  been  used  to  fabricate  VLSI  circuits  with  consis¬ 
tent  functional  yields  comparable  to  bulk  processes.  This  paper 
discusses  the  manufacturabilitv.  performance,  and  reliability  as¬ 
pects  of  both  1  2  and  0  8  pm  CMOS  technologies  on  SIMOX  sub¬ 
strates 

155  High  Performance  Submicron  CMOS/SOi  for  Logic  and 

SIMM  Applications;  N.  Haddad,  ’  IBM  Federal  Sector  Div.. 

Manassas.  VA  22110.  L.  K.  Wang,  IBM  Research  Div.,  T.J.  Watson 
Research  Center.  Yorktown  Heights.  NY  10598 

A  submicron  CMOS/SOI  technology  is  developed  as  an  exten¬ 
sion  of  a  0  5  um  bulk  CMOS  manufacturing  technology  for  both 
memory  and  logic  circuits.  Circuit  performance  as  wellas  the  soft 
error  immunity  are  improved  to  the  existing  designs  by  using  SOI 
substrates  and  limited  process  modification.  Comparison  of  the 
process  complexity,  circuit  performance,  and  chip  yield  is  present¬ 
ed. 


156  The  Implementation  of  a  Commercial  Thick  Film  SOI  Pro¬ 
cess;  K  Yallup.  Analog  Devices  BV,  Raheen  Industrial  Es¬ 
tate.  Limerick.  Ireland 

SOI  IS  an  emerging  technology  that  is  ready  for  application  to 
commercial  integrated  circuits  Tliis  paper  describe  one  of  the 
first  uses  of  thick  film  SOI  in  combination  with  deep  trench  isola¬ 
tion  for  commercial  dielectric  isolation  applications.  Some  of  the 
solutions  to  the  technological  difficulties  encountered  while  devel¬ 
oping  the  dielectric  isolation  process  and  the  use  of  such  a  sub¬ 
strate  to  support  a  30  V  CMOS  process  are  discussed 

157  Body -Contacts  tor  SOI  MOSFETs;  M  Matloubian.  Hughes 
Aircraft  Co  ,  Carlsbad.  CA  92009 

The  body  region  of  SOI  MOSFETs  is  floating  This  leads  to  de¬ 
sirable  features  such  as  hi^er  drive  current  and  sleep  subthresh- 
old  slope,  and  severe  problOTS  such  as  premature  drain-to-source 
breakdown.  A  body-contact  can  be  used  to  hold  the  SOI  MOSFET 
body  at  a  fixed  potential  and  suppress  the  floating-body  effects. 
Various  types  of  body-contact  for  SOI  MOSFETs  are  reviewed, 
and  their  effectiveness  and  limitations  are  discussed 

158  A  t.S  pm  CMOS/SOI  Techoology  Using  Accnmulatioa 
Mode  Device  Design;  L.  K.  Wang.MBM  Research  Div  ,  T.J. 

Watson  Research  Center,  Yorktown  Heights,  NY  10598, 
J  Seliskar.  A.  Edenfeld,  O.  Spencer,  and  N.  Haddad,  IBM  Federal 
Sector  Div  Manassas.  VA  22110 

CMOS  VLSI  fabricated  on  thin  silicon  on  insulator  has  very  at¬ 
tractive  device  pn^rties  such  as  improved  circuit  performance, 
temperature  stability,  and  radiation  immunity.  Using  a  fully  de¬ 
plete  FCT  design  on  thin  SOI  film  eliminates  the  “Kink  effect” 
and  anomalous  subthreshold  current  caused  by  the  floating  sub¬ 
strate.  In  addition,  it  can  also  provide  higher  transconductance, 
ideal  subthreshold  slope  and  an  improvement  in  the  short  channel 
effect  However  for  a  conventional  device  design,  the  device 
threshold  voltages  of  the  fully  depleted  MOSFETs  would  be  too 
low  for  any  practical  applications.  In  this  paper  we  report  a  0.5  pm 
CMOS/SOI  technology  using  reverse  gate  type  (N+^ly/p-chan- 
nrl.  P*  poly/n-channN)  accumulation  mode  MOSFET  dfflign. 


159  An  Intelligent  500  V  Power  Vertical  DMOS  on  SIMOX 
Substrate;  F.  Vogt,'  B.  Mutterlein,  and  H.  Vogt,  Fraun- 

hofer-Institute  filr  Mikroelektronische  Schaltungen  und  Systeme, 
D-4100  Duisburg  1,  Germany 

High  voltage  smart  power  ICs  need  dielectric  insulation  to 
make  nigh  voltage  switching  possible  without  influencing  the  low 
voltage  part.  Locally  applied  SIMOX  is  used  to  insulate  a  2  pm 
CMOS  process  from  a  vertical  500  V  DMOS  transistor.  The  on- 
state  resistance  of  the  VDMOS  transistor  is  0.5  fl.  Self -protecting 
functions  are  realized  on  the  chip.  A  14  mask  process  gives  cir¬ 
cuits  for  motor  control  or  off-line  applications. 

160  Parasitic  Capacitances  of  SOI  MOSFETs;  J.  Chen  and  R. 
Solomon,'  Intel  Corp.,  Santa  Clara,  CA  94050,  T.-Y  Chan, 

Cypress  Semiconductor,  San  Jose,  CA  95134,  P.  K.  Ko  and  C.  Hu, 
Dept,  of  Electrical  Engineering  and  Computer  Sciences,  UC 
Berkeley,  Berkeley,  CA  94720 

One  of  the  major  advantages  of  SOI  MOSFET  is  that  the  para¬ 
sitic  capacitances  are  much  reduced  compared  to  those  in  bulk 
technology.  Parasitic  capacitances  of  SOI  MOSFETs  are  impor¬ 
tant  for  ^vice  modeling  and  circuit  desiffi.  In  this  paper,  parasitic 
capacitances  of  CMOS  SOI  MOSFETs  have  been  characterized. 
From  the  measurements,  buried  oxide  thickness,  and  parasitic  ca¬ 
pacitances  due  to  different  sources  can  be  extracted. 

161  Transient  Behavior  of  SOI  NMOSTs  at  Liquid  Helium  Tem¬ 
peratures;  C.  Claeys*  and  E.  Simoen,  IMEC,  Kapeldreed  75, 

B-3001  Leuven,  Belmum 

In  this  paper,  the  threshold  voltage  (V,)  instability  of  SOI 
NMOSTs,  observed  at  low  temperatures  is  investigated  in  detail 
and  explained  in  view  of  our  present  understanding  of 
capture/ionization  in  frozen-out  silicon.  Particular  emphasis  is  on 
the  hot-carrier  induced  anomalous  reduction  of  V,,  which  results 
in  a  metastable  low  state  at  4.2  K  and  gives  rise  to  a  pronounced 
hysteresis/transient  behavior,  for  the  first  time  report^  here.  This 
hot-carrier  stress  effect  is  investigated  for  different  substrate 
types  and  gate-len^hs.  Finally,  it  is  demonstrated  that  similar  ef¬ 
fects  are  observed  for  the  back-gate  transistor. 

162  Improved  Physical  Modeling  of  Bipolar  Effects  in  SOI 
iSonsistors;  G.  A  Armstrong  and  W.  D.  French,  Dept,  of 

Electrical  and  Electronic  Engineering,  Queen's  University  Belfast, 
Belfast.  N.  Ireland 

To  model  bipolar  snapback  in  thin  film  SOI  transistors  cor¬ 
rectly,  it  is  necessary  to  include  bandgap  narrowing  in  the  heavily 
doped  source  region  and  to  employ  a  nonlocal  bahistic  model  of 
impact  ionization  at  the  drain.  This  improved  model  has  been  in¬ 
corporated  in  a  two-dimensional  device  simulator  and  used  to  give 
a  more  accurate  prediction  of  the  bipolar  holding  voltage  in  an  n- 
channel  transistor.  Application  of  the  model  suggests  ttiat  an  ul- 
trathin  highly  doped  SOI  film  when  combined  with  an  optimized 
LDD  should  be  used  to  maximize  the  bipolar  holding  voltage. 

163  A  Simple  Subthreshold  Model  for  Floating  Body  SOI 
MOSFETs;  G.  Liu,  Dept,  of  Electrical  and  Computer  Engi¬ 
neering.  University  of  California,  Irvine,  CA  92717,  P.  Liu,  Rock¬ 
well  International  Corn..  Newport  Beach.  CA  92660,  Y.  H.  Chang, 
and  G.  P.  Li.  Dept,  of  Electrical  and  Computer  Engineering,  Uni¬ 
versity  of  California,  Irvine.  CA  92717,  J.  White,  Rockwell  Interna¬ 
tional  Corn.,  Newport  Beach.  CA  92660 

A  simple  subthreshold  model,  incorporating  the  interaction  be¬ 
tween  nonlinear  feedback  mechanisms  of  carrier  generation  and 
parasitic  bipolar  action,  is  presented  here.  Simulatra  results  using 
this  model  show  very  good  correlation  with  experimental  data. 
Abrupt  device  transition  from  subthreshold  to  saturation  explains 
the  steep  subthreshold  I-V  characteristics. 

164  Voltage  LamitatioBS  of  Submicron  CMOS  on  Thin  SOI; 

J.  Seliskar'  and  F.  Brady,  IBM  Federal  Sector  Div.,  Manas¬ 
sas,  VA  22110,  L.  K.  Wang,  IBM  Research  Div.,  T.J.  Watson  Re¬ 
search  Center.  Yorktown  Heights,  NY,  10598,  Al.  Haddad,  IBM 
Federal  Sector  Div.,  Manassas.  VA  22110 

Device  characteristics  of  0.5  pm  CMOS/SOI  using  both  accu¬ 
mulation  mode  and  enhancement  mode  designs  are  compared  in 
terms  of  the  short  channel  effect  as  well  as  the  floating  substrate 
induced  drain  current  instability.  Although  the  accumulation 
mode  devices  show  better  performance  by  using  lighter  doped 
substrates:  the  drain  current  instability  characteristics  are  essen¬ 
tially  the  same  for  both  types  of  devices.  Yet  the  short  channel  ef¬ 
fect  for  either  of  these  two  types  of  SOI  devices  are  worse  than  the 
bulk  CMOS  at  the  same  channel  length. 

165  Study  of  the  Kink-Belated  Excess  Low-Frequency  Noise  in 
SOI  NMOSFETs  at  Boom  Temperature  and  77  K:  C.  Claeys 

and  £.  Simoen,  IMEC,  Kapeldreef  75,  B-3001  Leuven,  Belgium 

In  this  paper,  the  low-trequency  noise  overshoot,  related  to  the 
kink  in  SOI  NMOSTs  is  investigated  at  room  tonperature  and  at 
77  K.  It  is  demonstrated  that  there  exists  a  close  correlation  be¬ 
tween  the  impact-ionization  generated  holes,  injected  in  the  film 
and  the  excess  noise.  This  overshoot  increases  drastically  upon 
cooling  and  is  strongly  depending  on  substrate  type,  bias  condi¬ 
tions,  etc.  These  olwenrations  are  explained  by  a  model,  which 
considers  the  recombination  of  the  excess  holes  in  the  film.  Final¬ 
ly.  it  is  demonstrated  that  there  exists  a  close  relation  with  the 
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low-temperature  transient  behavior  in  SOI  NMOSTs,  which  is 
very  similar  to  the  case  of  the  kink-related  excess  noise  in  bulk 
transistors  at  liquid  helium  temperatures. 

166  Advantages  and  Limitations  of  Thin  Film  SIMOX 
MOSFETs:  Rehability  Aspects:  J.  Gautier  and  G.  Reimbold, 

DIA-LETI,  CENG,  38041  Grenoble  Cedex,  France 

In  this  paper,  we  review  the  advantages  and  limitations  of 
SIMOX  MOSFETs.  Partially  depleted,  fully  depleted,  and  deep  de¬ 
pleted  architecture  are  considered,  in  the  case  of  thin  silicon  film, 
with  stressing  on  floating  substrate  related  effects:  single  latch, 
transient,  hysteresis.  We  also  discuss  some  reliability  aspects,  es¬ 
pecially  hot  carriers  effects,  that  are  presented  through  a  compar¬ 
ison  between  bulk  and  SOI  technolopes. 

167  Hot-Carrier-Induced  Degradation  in  Partially  and  Fully 
Depleted  SIMOX  MOSFETs:  S.  M.  Gulwadi,'  ECE  Dept , 

George  Mason  University,  Fairfax,  VA  22030,  S.  Cristoloveanu, 
LPCS,  ENSERG  INPG,  BP257,  38016  Grenoble  Cedex,  France, 
D.  E.  loannou,  ECE  Dept.  George  Mason  University,  Fairfax,  VA 
22030,  G.  Campisi  and  H.  L.  Hughes,  Naval  Research  Laboratory, 
Washington,  DC  20375 

A  comparative  study  of  hot-electron  degration  of  the  front  and 
the  back  channels  of  partially  depleted  (PD)  and  fully  depleted 
(FD)  SIMOX  MOSFETs  was  carried  out.  The  back  channel  de¬ 
graded  much  more  than  the  front  channel  in  both  cases.  FD  tran¬ 
sistors  (film  thickness  >  100  nm)  degraded  much  less  than  PD  ones. 
The  degradation  was  induced  in  the  channel  under  stress,  but  for 
FD  devices  the  properties  of  the  opposite  channel  were  also  affect¬ 
ed  through  interface  coupling. 

168  Back-Channel  Hot-Electron  Effect  on  the  Drain  Break¬ 
down  Voltage  in  Thin-Film  SOI  MOSFETs;  B.  Zhang'  and 

T  P.  Ma,  Center  for  Microelectronic  Materials  and  Structures,  and 
Dept,  of  Electrical  Enpneering,  Yale  University.  New  Haven.  CT 
06520-2157 

The  front-channel  drain-source  breakdown  behavior  in  thin- 
film  SOI  MOSFETs  has  been  studied  before  and  after  back-chan¬ 
nel  electron  stress.  The  breakdown  voltage  increases  significantly 
in  the  reverse  mode  (with  source  and  drain  interchanged)  as  stress 
time  increa.ses  The  change  in  the  breakdown  behavior  can  be  at¬ 
tributed  to  the  increased  barrier  height  of  the  drain-body  junction 
resulting  from  the  localized  electron  trapping  near  the  drain  in  the 
buried  oxide 

166  Numerical  Analysis  of  Shon-Chaunel  and  Drain  Engineer¬ 
ing  Effects  for  Fully  Depleted  SOI  MOSFETs  in  a  Radiation 
Environment;  J.  H.  Smith'  Center  for  Electronic  Materials  and 
Processing.  Pennsylvania  State  University.  University  Park,  PA 
16802,  R  Lawrence.  ARACOR,  Oxon  Hill,  MD  20745,  G.  Campisi, 
Naval  Research  Laboratory.  Code  6816,  Washinpon.  DC  20375 
SOI  MOSFETs  exhibit  resistance  to  dose  rate  and  sinpe  event 
upset  radiation  effects,  but  are  susceptible  to  total  dose  effects. 
These  total  dose  effects  are  enhanced  by  high  electric  fields  in  the 
buried  oxide  of  these  structures.  A  numerical  device  model  is  ap¬ 
plied  to  the  task  of  designing  drain  structures  to  decrease  the  elec¬ 
tric  fields  present  in  a  device  as  a  function  of  channel  lenph  in 
order  to  minimize  both  radiation  and  hot  electron  effects. 

170  Device-Based  Electrical  Characterization  for  SOI  Technol¬ 
ogy  Development;  D.  E.  loannou.  Dept,  of  Electrical  and 

Computer  Engineering,  George  Mason  University,  Fairfax,  VA 
22030 

A  review  is  pven  of  the  electrical  characterization  methods 
most  frequently  used  to  assess  the  quality  of  the  silicon  film  and 
the  buried  and  gate  SiOj/film  interfaces,  and  provide  feedback  for 
the  further  development  of  SOI  technology.  A  general  evaluation 
is  made  by  studying  the  static  /[>(Vn,V(;)  characteristics  of  test 
MOSFET's.  Bulk  traps  in  the  film  arc  studied  by  current  DLTS. 
and  carrier  generation  ^  the  dual-gate  Zerbst-like  and  genera¬ 
tion  DLTS  techniques.  The  interfaces  are  studied  by  the  dynamic 
transconductance  and  charge  pumping  techniques.  Versions  and 
procedures  for  the  application  of  these  technique  exist  for  both 
partially  depleted  (PD)  and  fully  depleted  (FD)  MOSFETs,  and  for 
simpler,  gated  and  PIN  diode  and  capacitor  structures. 

171  Evaluation  of  ZMR  SOI  Films  for  BICMOS  Application  by 
Low  Frequency  Noise  Investigations:  B.  Tillack,  R.  Ban- 

isch,  and  F.  Januschewski.  Institute  of  Semiconductor  Physics,  D- 
0-1200  Frankfurt  (Oder).  Germany,  A.  Chovet,  L,aboratoire  de 
Physique  des  Composants  a  Semiconductors,  ENSERG,  38016 
Grenoble,  France.  K.  Hoeppner  and  H.  H.  Richter,  Institute  of 
Semiconductor  Physics,  D-O-1200  Frankfurt  (Oder),  Germany 
Due  to  the  high  sensitivity  to  traps  and  defects  in  the  semicon¬ 
ductor  material  as  well  as  near  the  oxide  interface,  low  freqwncy 
noise  investigations  were  used  for  the  evaluation  of  ZtfR  SOI 
films  and  epitaxial  films  grown  on  them  with  regard  to  a  BICMOS 
application.  The  results  were  supported  by  an  electrical  character¬ 
ization  using  bipolar  transistors  and  by  crystallographic  investi¬ 
gations  using  TeM  and  SEM. 

172  Messuremewts  aiiR  Analysis  et  Raudom  Triegraph  Sigaals 
in  Small  Aica  SM  MOSFETs;  O.  Rowr  dit  Buisson,  G. 

Ghihuudo.  and  J.  Brini.  LPCS/ENSERU,  38016,  Grenoble.  France. 
T  Ou«je,  Thomson  TMS,  38521,  St.  Egrevc.  France. 


The  purpose  of  tltis  work  is  to  present,  for  the  first  time,  exper¬ 
imental  RTS  results  obtained  on  ^I MOS  devices.  Small  area  SOI 
MOS  devices  operated  at  the  back  interface  show  considerably 
large  RTS  amplitude  due  to  the  large  thickness  of  the  back  instila- 
tor.  The  RTS  fluctuations  at  the  front  interface  are  not  so  large, 
and  are  not  influenced  by  those  of  the  back  interface,  while  the 
front  and  back  interface  coupling  is  weak.  However,  in  the  case  of 
strong  front  and  back  interface  coupling,  i.e.,  for  thin-film  SOI 
technology,  the  RTS  fluctuations  of  the  back  interface  may  propa¬ 
gate  to  the  front  interface  and,  therefore,  could  result  in  a  large 
parasitic  source  of  low  frequency  noise  in  such  devices. 

173  A  New  Transient  Drain  Current  Technique  for  Interface 
Characterization  in  SOI  MOSFETs:  S.  Cristoloveanu, 

LPCS,  ENSERG,  38016  Grenoble  Cedex,  France,  H.  Haddara, 
Electronics  and  Computer  Engineering  Dept,,  Ain-Shams  Univer¬ 
sity,  Abbasia,  Cairo,  Egypt,  M.  T.  Elewa,  Electrical  Engineering 
Dept.  Zagazig  University,  Shobra,  Cairo,  Egypt 

A  new  technique  for  the  characterization  of  interface  traps  in 
SOI  MOSFETs  is  proposed.  This  technique  is  based  on  a  novel  an¬ 
alytical  transient  drain  current  model  in  the  weak  inversion 
regime.  The  method  is  capable  of  providing  the  same  information 
as  charge  pumping  but  with  much  higher  sensitivity.  Measure¬ 
ments  were  carried  out  on  partially  depleted  five  terminal  SIMOX 
transistors.  Experimental  measurements  are  in  agreement  with  the 
model  and  the  obtained  results  for  the  average  interface  trap  den¬ 
sity  are  in  the  same  order  as  that  obtained  from  the  subthreshold 
slope  of  the  drain  current. 

174  Defects  in  SIMOX  Structures:  Characterization  and  Some 
Formation  Mechanisms;  J.  Margail'  and  J.  M.  Lamure, 

CEA/DTA/LETI,  Grenoble  Cedex,  France,  J.  Stoemenos,  Univer¬ 
sity  of  Thessaloniki,  54006  Thessaloniki,  Greece,  A.  M.  Papon, 
CEA/DTA/LETI,  Grenoble  Cedex,  France 

In  this  paper,  dislocation  and  buried  oxide  discontinuities  den¬ 
sity  measurements  on  SIMOX  material,  using  chemical  etching 
methods,  are  presented  and  discussed.  The  quality  status  of  stan¬ 
dard  LETI  material  based  on  statistical  analysis  is  given.  We  also 
show  that  slight  changes  in  the  material  fabrication  process  (e.g., 
implantation  through  a  250  nm  thick  screen  oxide)  can  severely 
deCTade  the  erystalTinity  of  the  top  silicon  film.  (An  increase  of 
di^ocation  density  from  10*  to  10’ cm-*  has  been  observed.) 

175  Effect  of  Thermal  Ramping  Conditions  on  Defect  Form- 
tion  in  Oxygen  Implanted  Silicon-on-Insulator  Material: 

S.  Krause.  J.  D.  Lee,  and  J.  C.  Park,  Chemical,  Bio  and  Materials 
Engineering,  Arizona  State  University,  Tempe,  AZ  85287,  P.  Roit- 
man.  Semiconductor  Electronics  Div.,  NIST,  Gaithersburg,  MD 
20899,  Af.  El-Ghor,  Texas  Instruments,  Inc.,  Central  Research, 
Laboratory.  Dallas,  TX  75265 

The  effects  of  intermediate  thermal  processing  steps  on  the  mi¬ 
crostructure  of  oxygen  implanted  silicon-on-insulator  (SIMOX) 
material  were  studi^  with  cross-section  and  plan  view  transmis¬ 
sion  electron  microscopy.  Intermediate,  2  h  isothermal  annealing 
cycles  eliminated  as-implanted  defects  (stacking  faults,  multiply 
faulted  defects,  and  |1 13)  defects)  at  1000°C.  New  defects  (stacking 
faults  and  a  polygonalized  dislocation  network)  formed  near  the 
upper  and  lower  interfaces  of  the  buried  oxide,  but  the  defect  size 
and  defect  density  were  reduced  at  1100°C  and  eliminated  at 
1200‘’C.  At  1300'’C  a  defect  density  of  10*  cm  ’  was  found.  When  an 
as-implanted  sample  was  rapid  thermal  annealed  at  1300°C  for 
1  min,  the  top  third  of  the  top  Si  layer  had  a  “denuded”  zone 
which  was  preciptate  free,  but  many  dislocations  extending  to  the 
surface  had  formed.  In  a  subsequent  standard  anneal  for  5  h  at 
1300”C  the  dislocations  were  not  removed  and  a  defect  density  of 
10’  cm  ’  was  found.  The  results  show  that  intermediate  thermal 
processing  steps,  including  intermediate  isothermal  annealing  and 
rapid  thermal  annealing,  strongly  affect  the  final  microstructure 
of  SIMOX  material. 

176  Screen  Oxide  Effects  on  the  SIMOX  Material  Quality 
Observed  by  Raman  Microprobe  Measurements:  A.  Perez- 

Rodriguez'  and  J.  R.  Morante,  LCMM,  Dept.  Fisica  Aplicada  i 
Electronica,  Universitat  dc  Barcelona,  08028-Barcelona,  Spain,  E. 
Martin  and  J.  Jimenez,  Dept.  Fisica  de  la  Materia  Condensada, 
Universidad  de  Valladoled,  47011  Valladoled,  Spain,  J.  Margail 
and  A.  M.  Papon,  CEA,  DTA,  LETI,  Grenoble  Cedex,  France 
In  this  work  we  present  the  structural  analysis  of  SIMOX  sam¬ 
ples  implanted  through  different  thicknesses  of  screen  oxide  by 
Kaman  microprobe  measurements.  The  spectra  obtained  from  as 
implanted  and  annealed  samples  have  been  correlated  with  TEM 
obwrvations.  The  results  obtained,  in  terms  of  strain,  disorder, 
and  thermal  effects  distributions,  show  a  strong  dependence  of  the 
top  Si  layer  structure  on  the  thickness  of  the  screen  oxide,  which 
corroborates  the  key  role  of  the  surface  conditions  on  the  sample 
structure. 

177  Kinetics  of  Oxygen  Precipitatioa  in  Low  Fhiencc  SIMOX; 

L.  Medo,  C.  Spaggiari,  G.  F.  Cerofolini,  and  S.  fiertoni,  IGD 
Enichem,  20097  S.  Imnato-Mi,  Italy,  R.  Canteri,  IBST  Div.  &ien- 
za  Mat.,  38100  Povo-Tn,  Italy 

The  aim  of  this  work  is  the  stutW  of  precipitate  formation  after 
proper  thermal  treatments  in  low  fluence  oi^gen-implanted  sam¬ 
ples.  The  precipitates  and  the  extended  defects  behave  as  a  well 
for  oxygen  and  are  the  nuclei  for  the  subsequent  precipi’ate 
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growth;  so  that  it  is  possible  to  deplete  oxygen  from  regions  where 
large  precipitates  are  not  formed  and  accumulate  oxygen  in  spe¬ 
cial  perturbed  sites,  because  the  oxygen  diffusion  against  concen¬ 
tration  gradient  takes  place.  The  kinetics  of  precipitate  formation 
is  followed  at  increasing  fluences  (in  the  range  IC'-IO”  O/cm-)  in 
the  temperature  range  450‘’-800°C,  starting  from  an  initial  condi¬ 
tion  obtained  by  implanting  at  low  current  density  to  maintain 
cool  the  sample.  Cross-section  and  plain  view  micrographs  have 
been  obtained  by  TEM  and  HREM  and  oxygen  profiles  have  been 
obtained  by  SIMS. 

178  Novel  Approach  to  Defect  Etching  in  Thin  Film  SOI: 

H.  Gassel,'  J.  Peter-Weidemann  and  H.  Vogt,  Fraunhofer- 
Institut  fur  Mikroelektronische  Schaltungen  und  Systeme 
D-W41 00  Duisburg,  Germany 

A  new  etch  process  including  three  sequential  etch  steps  was 
developed  to  measure  low  defect  densities  in  thin  SOI  silicon 
films.  It  allows  for  a  fast,  simple,  and  cost  effective  measurement 
of  defect  densities  in  a  range  of  about  10^-10®  cm  ®.  Dependence  of 
defect  density  on  the  implanted  oxygen  dose  has  been  studied  for 
SIMOX  wafers.  The  experiment  shows  an  exponential  increase  of 
defect  density  with  the  dose.  A  comparison  with  plan  view  TEM 
results  is  under  investigation.  Main  advantages  of  this  approach 
compared  to  earlier  ones  are  independence  of  defect  density  and 
improved  simplicity  in  addition  to  a  better  image  contrast. 

179  Correlation  Between  X-Ray  Moir^  Pattern  and  Dislocation 
Density  in  SIMOX:  M.  K.  El-Ghor  and  K.  A.  Joyner,  Texas 

Instruments,  Inc.,  Dallas,  TX  75265,  G.  A.  Rozgonyi,  Dept,  of  Ma¬ 
terials  Science  and  Engineering,  North  Carolina  State  University, 
Raleigh,  NC  27695-7916 

Singly  and  multiply  implanted  SIMOX  wafers  were  evaluated 
using  Lang  transmission  x-ray  topography  as  well  as  chemical 
etching  Moir#  patterns  were  clearly  observed  in  the  multiple  im¬ 
planted  material  and  some  areas  in  the  single  implanted  ones.  It  is 
found  that  wafers  having  dislocation  densities  greater  than  8  x 
10"/cm®.  exhibited  no  moire  patterns.  Strong  moire  fringes  were 
seen  for  densities  less  than  lOVcm®.  This  indicates  the  capability  of 
XRT  to  screen  SIMOX  material  for  dislocations. 

180  Raman  Scattering  and  FTIR  Spectroscopy  as  Charac¬ 
terization  Techniques  of  SIMOX  Structures:  J.  Samitier,' 

A  PereZ'Rodriguez,  and  J.  R.  Morante,  LCMM.  Dept.  Fisica  Apli- 
cada  i  Electronica,  Universitat  de  Barcelona,  08028-Barcelona 
Spain,  E  Martin,  and  J.  Jimenez,  Dept.  Fisica  de  la  Materia  Con- 
densada.  Unversidad  de  Valladolid,  4701 1  Valladolid,  Spain,  P.  L. 
F.  Hemment,  Dept,  of  Electronic  and  Electrical  Engineering,  Uni¬ 
versity  of  Surrey,  Guildford,  Surry,  England  GU2  5XH 

Ttie  characterization  of  SIMOX  obtained  by  different  process¬ 
es  has  been  performed  by  Raman  scattering  for  the  top  Si  layer 
and  FTIR  for  the  buried  oxide  one.  Raman  spectra  obtained  from 
the  whole  structures  and  from  beveled  samples  at  different  excita¬ 
tion  powers  show  significant  differences  related  to  the  technologi¬ 
cal  ,>rocesses.  determined  by  the  strain  distribution  and  thermal 
conductivity  in  the  Si  layers.  Structural  differences  are  also  ob¬ 
served  from  FTIR  spectra,  which  indicate  the  existence  of  differ¬ 
ent  values  of  the  disorder  effects  and  residual  stresses  in  the 
buried  oxides.  The  ability  of  both  techniques  for  the  SIMOX  struc¬ 
tural  characterization  is  demonstrated. 

181  Electro-Optical  Characterization  of  SIMOX  Structures  by 
Photoconductive  Based  Techniques:  J.  .Maria,*  A.  Perez- 

Rodriguez,  and  J.  R.  Morante,  LCMM,  Dept.  Fisica  Aplicada  i 
Electronica.  Universitat  de  Barcelona,  08028-Barcelona,  Spain, 
M.  A.  Lourenco,  P.  L.  F.  Hemment.  and  K.  P.  Homewood,  Dept,  of 
Electronic  and  Electrical  Engineering,  University  of  Surrey, 
Guildford,  Surrey,  England  GU2  5X4 

The  characterization  of  SIMOX  structures  is  performed  by  the 
combination  of  photoconductive  frequency  resolved  spectroscopy 
(PCFRS)  and  photo  induced  current  transient  spectroscopy 
(PICTS).  PCFRS  shows  the  existence  of  an  exponential  recombi¬ 
nation  behavior  with  a  lifetime  in  the  range  10-100  ps.  However, 
in  some  cases  values  of  the  ambipolar  mobility  in  the  range  of 
60  cm-'/Vs  are  found.  These  have  b«n  correlated  with  PICTS  spec¬ 
tra.  which  show  a  density  of  Si/SiOz  interface  defects  above  10'® 
cm  '  eV  '.  The  analysis  carried  out  confirms  the  suitability  of  the 
combined  PCFRS  and  PICTS  techniques  for  the  electrical  evalua¬ 
tion  of  SIMOX  structures. 

182  The  Effects  on  Carrier  Lifetime  of  SIMOX  Anneal  Pro¬ 
cess  Parameters:  A  Designed  Experiment:  K.  A.  Joyner, 

Texas  Instruments,  Inc.,  Dallas  TX  75265 

A  desired  study  of  the  effects  of  high  temperature  anneal  pro¬ 
cess  variables  on  the  properties  of  SIMOX  films  was  conducted.  In 
this  study,  the  effects  of  the  anneal  variables  were  examined,  and 
coefficients  for  a  linear  model  were  derived.  Modeling  of  the  mi¬ 
nority  carrier  lifetime  piuduced  quantitative  results  and  revealed 
a  strong  effect  of  HCl  incorporation,  temperature,  and  anneal 
time.  Hi^er  HCl  concentrations,  lower  temperatures,  and  shorter 
anneal  times  resulted  in  longer  carrier  lifetimes. 

183  Nondcstmetiv*  SOI  Pracesa  Evalvatioa  UsiBg  Recom- 
biaatian  Lifetfane  Measurements:  A.  Bticzkowski,*  and  F. 

Shimura,  Dept,  of  Matoials  Science  and  Engineering,  North  t^r- 
olina  State  University.  Raleigh,  NC  27695-7916,  B.  Cordts,  IBIS 
Technology  Corp.,  Danvers,  SlA  01923,  G.  A.  Rozgonyi,  Dept,  of 


Materials  Science  and  Engineering,  North  Carolina  State  Univer¬ 
sity,  Raleigh,  NC  27695-7916 

The  properties  of  the  buried  Si-SiOj  interface,  the  concentra¬ 
tion  of  structural  defects,  and  the  level  of  contamination  have 
been  monitored  nondestructively  via  their  effect  on  the  surface 
and  bulk  components  of  recombination  lifetime  by  a  laser/mi¬ 
crowave  photoconductance  technique.  It  has  been  found  for  single 
implant/anneal  SIMOX  material  that  the  bulk  recombination  life¬ 
time  decreased  from  1  ms,  characteristic  of  origin  substrates,  to  35 
ps  or  to  8  ps  if  the  annealing  alone  (no  implantation),  or  both  im¬ 
plantation  and  annealing  processes  have  bwn  applied,  respective¬ 
ly,  Moreover,  the  Si-SiOj  interface  still  contains  a  very  high  densi¬ 
ty  of  electrical  defects  even  after  the  structural  damage  removing/ 
oxide  forming  high  temperature  treatment.  This  defect  density  re¬ 
sults  in  a  surface  recombination  velocity  on  the  order  of  1000  cm/s, 
two  or  three  orders  of  magnitude  more  than  a  surface  subjected  to 
annealing  alone  (without  implantation),  and  only  one  order  less 
than  material  implanted,  but  nonanneal^. 

184  Investigation  of  Local  Isolation  Structures  on  SIMOX  Sub¬ 
strates  with  Micro-Raman  Spectroscopy  and  Correlation 

with  XTEM:  I.  De  Wolf,*  Interuniversity  Micro-Electronics  Center 
(IMEC),  Kapeldreef  75,  B-3001  Leuven,  Belgium,  A.  Romano-Rod- 
riguez,  LCMM  Department  de  Fisica  Aplicada  i  Electrdnica,  Uni¬ 
versity  of  Barcelona,  Diagonal  645,  £-08028  Barcelona,  Spain,  J. 
Vanhellemont,  Interuniversity  Micro-Electronics  Center  (IMEC), 
Kapeldreef  75,  B-3001  Leuven,  Belgium,  H.  Norstrom,  Swedish  In¬ 
stitute  of  Micro-Electronics,  S-16421  Kista,  Sweden,  H.  E.  Maes, 
Interuniversity  Micro-Electronics  Center  (IMEC),  Kapeldreef  75, 
B-3001  Leuven,  Belgium 

LOCOS  structures  on  SIMOX  wafers  were  studied  with  cross- 
sectional  transmission  electron  microscopy  and  with  micro-Ra¬ 
man  spectroscopy  (pRS).  Prolonged  field  oxidation  results  in  con¬ 
siderable  oxidation  of  the  active  silicon  film,  giving  rise  to  a 
curved  interface.  pRS  showed  that  the  local  mechanical  stress 
variations  in  LOCOS  on  SIMOX  wafers  are  similar  to  the  ones  ob¬ 
served  in  LOCOS  structures  on  conventional  substrates.  Field  ox¬ 
idation  for  longer  times  results  in  increased  stress  levels. 

185  Dislocation-Free  SIMOX  Substrates:  A.  Yoshino,  Becton 
Center,  Yale  University,  New  Haven,  CT  06520-2157 

This  is  the  first  report  of  dislocation-free  SIMOX  substrates. 
We  present  experimental  results  showing  the  effects  of  various 
process  parameters  on  the  dislocation  density  in  SIMOX  sub¬ 
strates.  Comparing  the  results  for  the  samples  formed  by  single¬ 
implant  with  those  formed  by  double-implant,  together  with  the 
data  from  RBS,  optical  microscope,  SEM  and  TEM  measurements 
and  wafer  warp  evaluation,  the  possible  origin  of  the  dislocation 
formation  mechanism  is  discussed. 

186  Effects  of  High  Temperature  Anneal  Variahles  on  SIMOX 
Films:  K.  A.  Joyner,*  M.  K.  El-Ghor,  and  H.  H.  Hosack, 

Texas  Instruments,  Inc.,  Dallas.  TX  75265,  A.  K.  Rot.  Universal 
Energy  Systems,  Dayton.  OH  45432 

A  study  of  the  effects  of  high  temperature  anneal  process  vari¬ 
ables  on  the  properties  of  SIMOX  films  was  conduct^.  The  study 
was  structured  as  a  desired  experiment  with  seven  variables, 
each  at  three  levels.  Modeling  of  the  dislocation  density  produced 
quantitative  results  and  revealed  a  strong  effect  of  temperature 
and  measurable  effects  of  time  and  ramp  rate.  Higher  tempera¬ 
tures,  lower  ramp  rates,  and  longer  anneal  times  rented  in  lower 
dislocation  densities. 

187  The  Effects  of  HCl  in  SIMOX  Annealing:  A  Time  Series 
Experiment;  K.  A.  Joyner*  and  G.  A.  Brown,  Texas  Instru¬ 
ments,  Inc.  Dallas,  TX  75265 

A  study  of  the  effects  of  HCl  inclusion  in  the  SIMOX  high  tem¬ 
perature  annealing  ambient  on  tube  self -contamination  and  radi¬ 
ation  immunity  was  conducted.  Contamination  was  studied  by 
measurement  of  minority  carrier  lifetime  and  radiation  immunity 
by  MOS  capacitor  C-V  curve  shift.  Inclusions  of  5%  HCl  at  a  tem¬ 
perature  of  1000°C  was  sufficient  to  restore  furnace  cleanliness. 
Neither  the  moderate  levels  of  contamination  nor  the  presence  of 
HCl  had  any  effect  on  radiation  hardness. 

188  Post-Oxygen-Implant  Anneal  Effects  on  SOI  Transistor 
Electrical  Characteristics:  G.  V.  Rouse  and  R.  D.  Cheme, 

Harris  Semiconductor,  Melbourne,  FL  32902,  W.  A.  Krull,  IBIS 
Com,  Danvers,  MA  01923 

iRe  relationship  between  SIMOX  anneal  temperature  and 
CMOS  transistor  characteristics  ate  investigated.  Post-oxy^n  im¬ 
plant  anneal  temperatures  from  1 150  to  1320°C  were  u^  in  an 
Ar/Oz  atmosphere  with  a  minimum  of  three  wafers  per  test.  Back- 
channel  thrrahold  voltage  increases  while  snap-back  sustaining 
voltage  decreases  with  increasing  aimeal  temperature.  Transistor 
off-leakage  current  was  found  to  be  independent  of  anneal  tem¬ 
perature. 

189  A  Hi^-Quality  SIMOX  Wafer  and  Its  Application  to 
Ultrathin-Film  MOSFETs:  S.  Nakashima,  Y.  Omura,  and 

K.  Izumi,  NTT  LSI  Laboratories.  3-1  Morinosato  Wakamiya,  At- 
sugi  243-01,  Japan 

A  high-quality  SIMOX  wafer  with  extremely  low  dislocation 
densities  of  less  than  300  cm  ®  and  an  80  run  buried  oxide  la^  is 
introduced.  Employing  the  SIMOX  wafer  to  fabricate  an  0.085  pm 
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gale,  n  and  pMOSFET  demonstrates  that  SIMOX  has  excellent 
potential  for  future  ULSI  applications. 

190  The  Effects  of  Dose  and  Target  Temperature  on  the  Low 
Energy  (70  keV)  SIMOX  Layers:  Y.  LI,'  J.  A.  Kilner,  and 

R.  J.  Chater,  Dept,  of  Materials,  Imperial  College.  London,  Eng¬ 
land  SW7  2BP,  P.  L.  F.  Hemment,  A.  Nejim,  A.  K.  Robinson,  and 
K.  J.  Reeson,  Dept,  of  Electronic  and  Electrical  Engineering  Uni¬ 
versity  of  Surrey,  Guildford,  Surrey,  England  GU2  5XH,  C.  D. 
Marsh  and  G.  R.  Booker,  Dept,  of  Materials,  University  of  Oxford, 
Oxford.  England  0X1  3PH 

The  dislocation  density  and  the  density  of  si.icon  islands  in  an¬ 
nealed  (70  keV)  SIMOX  layers  are  found  to  be  strongly  dependent 
upon  the  oxygen  dose.  The  critical  dose  required  to  form  a  contin¬ 
uous  buried  stoichiometric  oxide  layer  either  during  implantation, 
<I>;,  or  after  implantation  and  annealing,  <I>^  were  estimated  to  be 
»7  X  lOoovcm^  and  =3  x  10'’O'/cm%  respwtively.  Good  quality, 
thin  film  SIMOX  layers  (with  a  low  threading  dislocation  density 
in  the  silicon  overlayer  and  low  density  of  silicon  islands  in  the 
buried  Si02  layer)  have  been  produced  by  implantation  of  both 
3.3  X  10'’OVcm2  at  680°C  and  3  x  10”O7cm"  at  SSO^C. 

191  Etch-Stop  Layer  in  Silicon  Produced  by  Implantation  of 
ElectricaUy  Inactive  Impurities:  Q.-Y.  Tonp,*  G.  Cha,  H.-M. 

You,  and  U.  Gosele.  Dept,  of  Mechanical  Engineering  and  Materi¬ 
als  Science,  Duke  University,  Durham,  NC  27706,  D.  Feijoo, 
AT&T.  Reading,  PA  19612-3396 

The  etch  stop  performance  of  carbon  implanted  layer  in  silicon 
was  found  to  be  not  only  dependent  on  carbon  concentration  but 
also  related  to  the  etchant  usM  and  the  structural  properties  of  the 
layer.  Thermal  annealing  reduces  the  damage  and  defects  result¬ 
ing  in  degraded  etch  stop  performance.  Silicon  self-implantation 
and  germanium  implantation  also  show  etch  stop  function  result¬ 
ing  from  formation  of  amorphized  layer  and  inisotropic  etch  char¬ 
acter  of  etchant  used. 

192  SIMOX:  An  Efficient  Etch-Stop  to  Fabricate  Silicon  Mem¬ 
branes  with  Well-Defined  Thickness:  H.  Gassel,'  H.  G. 

Dura.  W.  Mokwa,  and  H.  Vogt,  Fraunhofer-Institut  fur  Mikroelec- 
tronische  Schaltungen  und  Systeme.  D-4100  Duisburg,  Germany 
This  paper  shows  that  SIMOX  wafers  with  an  epitaxial  silicon 
layer  are  an  excellent  material  for  the  production  of  homogeneous 
silicon  membranes  with  well-defined  thicknesses.  Due  to  the  very 
high  selectivity  of  TMAH  as  etch  solution,  a  four  times  lower  oxy¬ 
gen  dose  than  for  standard  SIMOX  production  is  sufficient  to  form 
a  good  etch  stop  laver.  This  technique  allows  for  a  simple  and  very 
cost  effective  batch  process  production  in  addition  to  a  large  im¬ 
provement  of  the  silicon  film  quality, 

193  Reactive  Ion  Etching  of  SOI  (ZMK  and  SIMOX)  Silicon  in 
CF,  *  Oj  and  SF,  +  Oj  Plasmas:  O  W.  Purbo  and  C.  R.  Sel- 

vakumar.  Dept  of  Electrical  and  Computer  Er^neering,  Univer¬ 
sity  of  Waterloo.  Waterloo,  Ont.  Canada  N2L  3G1,  D.  Misro,  Dept, 
of  Electrical  and  Computer  Engineering.  New  Jersey  Institute  of 
Technology.  University  Heights,  Newark.  NJ  07102 

The  results  of  a  comparative  study  of  the  etch  rates  and  selec- 
tivities  of  bulk-silicon  and  SOI  samples  (SIMOX  and  ZMR)  using 
CF,  +  O,  ♦  N:and  SF,  +  0,+  N,  plasmas  arc  reported.  The  N,  addi¬ 
tion  increases  etch  rates  in  both  plasmas  and,  thus,  increases  se- 
lectivities  (1 1-45%).  The  etch  rate  enhancement  due  to  N-  addition 
in  CF,  plasma  (45-140%)  is  more  than  in  SF,  plasma  (2-7%), 

194  Gettering  of  Bonded  SOI  Layers:  H.-D  Chiou,  *  F.  Secco 
d’Aragona,  and  E.  Strickland,  Discrete  and  Materials  Tech- 

nolow  Group,  Motorola  Inc.,  Phoenix,  AZ  85005 

Thin  SOI  layers  created  by  bonding  two  oxidized  wafers  lack 
IG  ability  and  are  consequently  susceptible  to  defect  formation 
during  processing.  This  is  because  during  bonding,  oxygen  diffus¬ 
es  towards  the  middle  oxide  layer  leading  to  a  denudM  zone  (DZ) 
in  proximity  of  the  oxide.  SOI  layers  <  DZ  if  oxidized  will  show 
microdefects  in  the  shape  of  OISF.  To  improve  the  gettering  abili¬ 
ty  of  SOI  layers  we  implanted  different  doses  of  boron,  phospho¬ 
rus,  or  oxy^n  in  selected  areas  of  the  SOI  layers  with  different 
size  of  patterns  before  or  after  wafer  bonding.  The  results  of  the 
lateral  gettering  for  the  various  implanted  species  are  reported. 

195  59  nm  Thick  SOI  Fabricatioa  by  Advanced  ELO;  Tunnel 
Epitaxy:  A.  Ogura,'  A.  Furuyo,  and  R,  Koh,  NEC  Corp.. 

Microelectronics  Research  Laboratories.  34  Miyukigaoka.  Tsuku- 
ba.  Ibaraki  305,  Japan 

ELO  is  well  known  as  an  SOI  fabrication  technique  with  good 
crystalline  quality  However,  conventional  ELO  is  not  applicable 
for  thin  SOI  fabrication  which  is  considered  to  have  great  poten¬ 
tial  for  future  nano-structure  devices.  We  present  an  advanced 
ELO  technique  called  tunnel  epitan,  in  which  the  lateral  epitaxy 
is  grown  in  a  small  gap  between  the  upper  and  the  lower  SiOi,. 
Therefore,  the  fabricated  SOI  thickness  can  be  precisely  controlled 
by  the  gap  hei^t.  Thin  SOI  films  with  thicknesses  of  50-200  nm 
were  fabricated  using  this  technique. 

MATBOAIS  AhO  PRCXXSSING  ISSUES  KX  lARCX  SCA^ 
INTEGRATEO  ElfCTRONIC  AND  PHOIONC  AR^ 

Bacfroriics/Dielactnc  Soenoe  ond  Technology 

199  Full  Wafer  Tecbaolagy  for  Lon  Scale  Laser  Fabrication 
and  bttegtatioa;  P.  Vettmer,  IBM  Research  Div.,  Zurich  Re¬ 
search  Laboratory.  8803  Ruscluikon,  Switzerland.  M.  K.  Benedict, 


IBM  Corp.,  Kingston,  NY  12401,  G.  L.  Bona  and  P.  Buchmann, 
ffiM  Research  Div.,  Zurich  Research  Laboratory,  8803  Ruschlikon, 
Switzerland,  N.  Cahoon,  IBM  East  Fislikill,  Hopewell  Junction, 
NY  12533,  K.  Datwyler,  H.  P.  Dietrich,  A.  Moser,  and  H.  K.  Seitz, 
IBM  Research  Div.,  Zurich  Research  Laboratory,  8803  Ruschlikon, 
Switzerland,  O.  Voegeli,  Almaden  Research  Center,  San  Jose,  CA 
95120,  D.  J.  Webb  and  P.  Wolf,  IBM  Research  Div.,  Zurich  Re¬ 
search  Laboratoiy,  8803  Ruscluikon,  Switzerland 

Semiconductor  laser  applications  for  consumer  products  (pri¬ 
marily  for  compact  disk  players)  increased  the  worldwide  demand 
for  lasers  to  several  tens  of  millions  of  devices  per  year.  However, 
today’s  manufacturing  technologies  cannot  accommodate  tliis 
steadily  increasing  demand  since  fabrication  and  testing  of  semi¬ 
conductor  lasers  are  still  on  the  level  of  discrete  devices  as  was  the 
case  in  the  early  days  of  transistor  fabrication.  This  is  in  marked 
contrast  to  the  current  teclmology  used  to  fabricate  VLSI  circuits. 
A  new  concept/teclinology  is  presented  called  full  wafer  (FUWA) 
fabrication  and  testing  that  produces  high-quality  semiconductor 
lasers.  It  features  an  excellent  potential  for  high  processing  yield 
and  testing  throughput.  In  addition  to  large-scale  fabrication,  tlie 
etched  mirror  technology  offers  the  capability  of  integrating  new 
functions  and  other  opto-electronic  devices.  FUWA  teclmology  is 
well  suited  for  lasers  used  in  such  applications  as  optical  storage 
and  interconnects. 

197  Microfabrication  of  Ultra-Small  Optical  Cavities:  A. 

Scherer,  E.  Yablonovich,  J.  L.  Jewell,  B.  P.  Van  der  Gaag, 
and  E.  D.  Beebe,  Bellcore,  Red  Bank,  NJ  07701 

High-resolution  microfabrication  allows  us  to  define  small 
three-dimensional  optical  cavities  which  can  reduce  the  threshold 
power  required  for  switching  or  lasing.  To  demonstrate  this,  we 
have  measured  the  lasing  behavior  in  0.4  pm  wide  surface-emit¬ 
ting  microlasers.  We  have  also  fabricated  completely  tltree-dimen- 
sional  “photonic  bandgap”  structures  wliich  can  be  incorporated 
to  define  optical  cavities  in  future  surface  emitting  lasers.  These 
fabrication  methods  are  expected  to  be  used  to  substantially  re¬ 
duce  the  tlireshold  currents  of  future  surface-emitting  lasers. 

198  Surface  Emitting  Laser-Lasing  Characteristics  and  Its 
Functional  Operations:  F.  Koyama  and  K.  Iga,  Tokyo  Insti¬ 
tute  of  Teclmology,  P&I  Lab.,  4259  Nagatsuta,  Midori-ku,  Yoko¬ 
hama  227,  Japan 

The  surface  emitting  (SE)  laser  is  rapidly  attracting  a  current 
research  looking  forward  to  future  parallel  optoelectronics,  in¬ 
cluding  optical  interconnects  and  optical  parallel  processing.  We 
review  our  recent  work  on  GaAlAs/GaAs  and  GalnAsP/InP  SE 
lasers,  especially  focusing  on  lasing  characteristics  such  as  polar¬ 
ization  characteristics  and  quantum  noises.  The  future  prospects 
and  basic  technologies  for  SE  laseis  are  also  addressed.  In  ad^- 
tion,  a  possibility  of  a  polarization  independent  and  low  power 
consumption  active  filter  based  on  the  SE  laser  is  presented. 

199  Laser  and  Pbotoreceiver  Arrays  for  Parallel  Optical  Data 
Link  Applications:  N.  K.  Dutta  and  P.  R.  Berger,  AT&T 

Bell  Laboratories,  Murray  Hill,  NJ  07974 

Very  low  tlireshold  (I,h-  1  mA)  lasers  emitting  near  1.3  pm  have 
been  fabricated  using  multiquantum  well  active  region,  short  cav¬ 
ity  length,  and  liigh  reflectivity  facet  coatings.  A  laser  array  trans¬ 
mitter  utilizing  these  lasers  can  be  operated  with  prebias,  and  has 
negligible  skew  for  1  Gb/s  operation.  No  crosstalk  is  observed 
when  adjacent  elements  of  the  laser  array  are  modulated.  A  PIN- 
MODFET  photoreceiver  array  comprised  of  a  p-i-n  InGaAs  photo¬ 
diode  inte^ted  with  an  InGaAs/InALAs  MODFET  using  MBE  has 
been  fabricated.  The  MODFET  has  a  transconductance  of 
560  ms/mm  and  f-i  and  /„„  of  57  and  66  GHz,  respectively.  The 
p-i-n  photodiode  has  a  responsivitv  of  0.3  A/W  and  bandwidth  of 
>10  GIfz. 

200  An  Individually  Addressed  Dense  102-Laser  Array:  T. 

Kobayashi,  H.  Narui,  M.  Dohsen,  O.  Matsuda,  and  Y.  Mori, 
Sony  Corp.,  Research  Center,  174,  Fujitsuka-cho,  Hodogaya-ku, 
Yokohama  240.  Japan 

We  have  .u<'<  essfuUy  fabricated  a  very  dense  one-dimensional 
semiconductor  laser  array  using  separated  double  heterostructure 
(SDH)  lasers.  The  array  consists  of  102  lasers,  each  of  wliich  can 
be  addressed  individually.  The  pitch  of  the  lasers  is  4.5  pm.  Typi¬ 
cal  threshold  current  and  output  power  were  2  mA  and  3  mW/ 
facet  (I  10  mA)  for  a  laser  under  continuous  wave  operation  at 
room  temperature.  The  density  and  the  number  of  lasers  are  the 
highest  ever  reported. 

201  Anisotros  ic  Photoctcliing  of  GaAs:  B.  Mannheim,  R.  L. 
Sani,  and  R.  C.  Alkire,  Dmt.  of  Chemical  Engineering,  Uni¬ 
versity  of  Illinois,  Urbana,  IL  61801 

A  two-dimensional  mathematical  model  was  used  to  obtain  the 
current  and  potential  distribution  near  the  illuminated  region  of  a 
semiconductor  during  photoetching.  The  potential  distribution 
was  described  bv  Poisson's  equation.  Electron  and  hole  transport 
equations  included  generation,  diffusion,  mimtion,  and  recombi- 
nation  terms.  A  commercial  finite  element  fluid  dynamics  code, 
FIDAP,  was  modified  to  numerically  solve  the  model  equation. 
Tlie  sensitivity  of  the  process  with  respect  to  the  important  param¬ 
eters  was  inv^igated. 

202  Two-Dimeniional  Vertical  to  Surface  Transmission 
Electro-Photonic  Device  Array  for  Optical  Interconnection: 

K.  Kasahara,  Opto-Electronics  Research  Laboratories,  NEC  Corp., 
34,  Miyukigaoka,  Tsukuba,  Ibaraki  305,  Japan 
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The  vertical  to  surface  transmission  electro-photonic  device 
(VSTEP)  is  a  concept  proposed  to  allow  functional  optical  inter- 
cotmection.  This  paper  focuses  primarily  on  the  laser-mode 
VSTEP.  The  design  of  vertical-cavity  VSTEPs  and  their  fabrica¬ 
tion  using  MBE-grown  epitaxial  structiures  is  described  and  their 
characteristics  are  discussed.  A  4  x  4  optical  self-routing  switch, 
fabricated  using  vertical-cavity  VSTEPs  is  described. 

203  Long  Wavelength  Infrared  128  x  128  Starring  Array  from 
AlGaAs/GaAs  Multiquantum  Well  Detectors-Growta,  Pro¬ 
cessing,  and  Array  Performance:  V.  Swaminathan,  AT&T  Bell 
Laboratories,  Breiniraville,  PA  18031 

Quantum  well  infrared  photodetectors  (QWIPs)  utilizing  inter¬ 
subband  transitions  in  AlGaAs/GaAs  multiquantum  well  struc¬ 
tures  have  emerged  as  an  attractive  alternative  to  HgCdTe  for  long 
waveleng^  infrared  applications.  Recently,  a  first  generation  (128 
X  128)  AlGaAs/GaAs  QWIP  focal  plane  starring  array  with  excel¬ 
lent  imaging  performance  and  a  noise  equivalent  temperature  of 
10  mK  has  been  demonstrated.  In  this  paper,  we  discuss  the  prin¬ 
ciples  of  operation  of  QWIP,  desitpi  and  fabrication  of  the  array, 
and  the  results  from  the  imaging  demonstration. 

204  Be'  Ion  Implantation  in  Ga(Al)Sb  Layers:  Radiation 
Damage:  M.  Perotin,  H.  Luquet,  L.  Gouakov,  and  A.  Sabir, 

Centre  d’Electronique  de  Montpellier,  Universite  Montpellier  11, 
34095  Montpellier  Cedex,  France,  A.  Perea,  Laboratoire  de 
Physique  des  Materiaux,  Universite  Claude  Bernard,  Lyon  I, 
69622  Villeurbanne,  France 

For  the  first  time,  study  of  Be'  ions  implantations  is  carried  out 
in  G(Al)Sb  compounds.  Be*  ions  are  implanted  into  low  doped  Te 
Ga#  wAloMSb  epilayers  grown  by  liquid  phase  epitaxy.  Low  dam¬ 
aging  level  is  found  to  occur  in  the  G(Al)Sb  layers  in  relation  with 
t&  weak  mass  of  the  beryllium  ions,  a  quasi  total  restoration  be¬ 
ing  performed  through  some  armealings.  A  complete  activity  of  the 
Be-implanted  ions  is  measured  in  the  annealed  implanted  layers. 
Double  Be*  implant  in  Ga(Al)Sb  layers  leads  to  abrupt  junctions  of 
good  quality. 

205  Integrated  Optoelectronic  Device  Technology:  S.  R.  Forrest. 
Dept,  of  Electrical  Engineering  and  Materials  Science,  Uni¬ 
versity  of  Southern  California,  Los  Angeles,  CA  90089-0241 

The  field  of  integrated  optoelectronics  has  faced  numerous 
bottlenecks  since  the  first  devices  were  demonstrated  more  than 
10  years  ago.  However,  as  photonic  systems  have  advanced  in  both 
sophistication  and  performance,  the  level  of  integration  required 
for  these  advances  has  not  kept  pace.  We  are  now  at  a  critical 
point  in  the  short  history  of  this  technology  where  it  is  essential 
that  practical  intepated  devices  with  clear  advantages  in  perfor¬ 
mance,  functionality,  and  cost  are  demonstrated  over  competitive 
hybrid  technologies.  The  means  for  achieving  these  devices  has 
biran  to  develop  materials  growth  and  fabrication  processes  which 
lead  to  the  simplified  fabrication  of  highly  complex  integrated 
structures.  These  processes  include  use  of  selective  etchants  and 
sacrificial  materials  layers,  hybrid  growth  (e.p.,  GaAs  on  Si)  and 
packamng  technologies  (e  g.,  graphoepitaxy),  and  clever  design  of 
multifunctional  materials  and  device  structures.  In  this  paper  we 
address  many  of  the  bottleneck  issues  now  confronting  advanced 
integrated  optoelectronic  circuit  technology. 

208  Devices  and  Processes  for  Integrated  Photoreceivers  on 
InP:  A.  Scavennec,  L.  Giraudet,  P.  Blanconnier,  G.  Post 
J.  P.  Praseuth,  and  A.  Temmar,  CNET-Laboratoire  de  Bagneux, 
92220  Bagneux.  France 

Monohthic  photoreceivers  or  photoreceiver  arrays  with  good 
sensitivity,  produced  at  low  cost,  are  expected  to  contribute  in 
opening  new  application  areas  such  as  distributive  telecom  ser¬ 
vices,  broadband  switching,  etc.  The  fabrication  of  such  monolith¬ 
ic  photoreceivers  on  InP  has  been  faced  with  basic  problems,  such 
as  insufficient  performances  of  InP-based  FETs  at  moderate  fre¬ 
quency.  processing  compatibility  of  transistors  and  photodetec¬ 
tors,  and  immature  development  of  the  InP  technolo^.  In  recent 
years  major  progress  has  bren  made  in  these  different  areas,  and  is 
illustratra  by  recent  developments  at  CNET  on  pin-FTH'  front 
ends  and  metal-semiconductor-metal  photodiode  arrays. 

207  GaAs-eD-InP.  Beceiver  Transmitter  Optodcctronic  Inte- 

Satcd  Circuit:  P.  J.  O’Sullivan  and  D.  A.  Allan,  BT  Labora- 
artlesham  Heath,  Ipswich.  England  DPS  7RE 
Long  wavelength  optoelectronic  integrated  circuits  (OEICs)  are 
expected  to  be  important  components  for  future  communication 
systems,  e.g.,  as  mraes  on  high  speed  optical  networks.  This  paper 
reports  the  fabrication  of  a  monolithic  GaAs-on-InP,  long  wave¬ 
length.  optical  regenerator  inte^ting  an  (mtical  detector  and 
transmitter  together  with  digital  and  analog  electronics  (a  total  of 
123  components).  This  is,  to  our  knowledge,  the  highest  function¬ 
ality.  long  wavelength,  transceiver  OEIC  yet  demonstrated. 

200  Camputar  Shndatiaa  and  Ckaracteriation  of  MBE 
Gtoshli  of  AKsuAsAlaAs  Hatoostruetures:  P.  E.  Kosel  and 
r.  R.  Krishna,  University  of  Cincinnati,  Cincinnati,  OH  45221 
A  con^ter  simulation  protfam  (MBESIM)  has  been  devel¬ 
oped  for  tM  simulation  of  growth  of  complex  materials  in  the  Al¬ 
GaAs/GaAs  material  nrstem.  MBESIM  h«  been  applied  (0  in  de- 
terminii^  the  sensitivify  of  a  device  structure  to  growth  perturba¬ 
tions  in  a  given  MBE  system,  (h)  for  devis^  growth  recipes  for 
novel  material  structures,  and  (m)  for  providing  fine  structure  in¬ 


formation  about  grown  materials  for  use  in  device  simulators. 
MBESIM  takes  account  of  the  major  known  features  of  MBE 
growth  and  the  system  in  which  the  growth  is  performed.  These 
include  (t)  the  3D  nature  and  distribution  of  the  effusion  cells,  (ii) 
the  characteristics  of  the  melt  and  crucible  wall  surfaces,  (in)  the 
sticking  and  re-evaporation  coefficients  of  the  host  and  dopant 
species,  and  (iv)  the  diffusion  and  segregation  properties  of 
dopants  in  the  growing  host  material.  Interface  roughness  is  incor¬ 
porated  through  a  semi-empirical  model  to  account  for  the  effects 
of  growth  interruptions  at  interfaces.  MBESIM  has  been  applied 
to  the  prediction  of  spread  in  material  characteristics  for  IffiMT 
devices  and  heterojunction  CCDs  and  NIPI  superlattices.  This  pa¬ 
per  will  report  on  the  application  of  MBESIM  to  the  study  of 
HEMT  electrical  performance  variations  caused  by  MBE  process 
variations. 

209  Formation  of  Epitaxial  CoSit  Films  on  (001)  Silicon  Using 
Ti-Co  Alloy  and  Bimetal  Source  Materials:  S.  L.  Hsia,  T.  Y. 

Tan,  P.  L.  Smith,  and  G.  E.  McGuire,  Microelectronics  Center  of 
North  Carolina,  Research  Triangle  Park,  NC  27709 

Using  a  Ti-Co  bimetallic  layer  as  a  reaction  source  with  Si  sub¬ 
strates,  epitaxial  CoSij  films  have  been  grown  on  (001)  Si  via  rapid 
thermal  annealing.  The  films’  resistivity  and  thermal  stability  are 
excellent.  The  epitaxial  CoSU  layers  are  single  crystal  films  con¬ 
taining  anti-phase  domains.  Models  of  the  CoSi2/Si  interfacial 
structure  have  been  constructed  for  [OOlJ  and  (111]  orientations. 
These  models  reveal  that  anti-phase  boundaries  serve  the  role  of 
relieving  the  lattice  mismatch  between  the  epitaxial  CoSi2  film 
and  the  Si  substrate. 

SECOND  INTERNATIONAL  SYMPOSIUM  ON  THE  PHYSICS  AND 
CHEMISTRY  OF  SiO,  AND  THE  Si-SiOj  INTERFACE 

Eledronics/Dieleclric  Science  and  Technology 

210  Silicon  Oxides  and  Silicon  Oxidation:  A.  M.  Stoneham, 
AEA  Industrial  Technology,  Harwell  Laboratory,  Didcot, 

Oxon,  England  0X1 1  ORA 

Needs  for  thinner  oxides  and  higher  quality  raise  processing 
problems  and  demand  better  understanding  of  the  silicon/oxide 
interface.  This  paper  reviews  the  theory  of  (i)  the  evidence  for  a 
modified  near-interface  oxide,  and  its  characteristics  (stoichiome¬ 
try,  reactivity,  structure,  and  structural  evolution),  (it)  the  role  of 
roughness  and  of  electrostatics,  (Hi)  the  implications  of  electrical 
noise  and  breakdown  data,  and  (iv)  the  localized  electronic  pro¬ 
cesses  which  might  be  involved  and  their  relationship  to  bulk  SiOj 
data. 

211  Use  of  "0  Labeling  to  Study  Growth  Mechanisms  in  Dry 
Oxidation  of  Silicon:  I.  Trimaille,  J.-J.  Ganem,  and  S.  Rigo, 

University  Paris  7.  Groupe  de  Physique  des  Solides,  75251  Paris 
Cedex  05,  France,  5.  I.  Raider  and  N.  A.  Penebre,  IBM  Research 
Division,  T.J.  Watson  Research  Center,  Yorktown  Heights,  NY 
10598 

Oxygen  fixation  during  dry  oxidation  of  silicon  was  investigat¬ 
ed  using  ’‘O  labeling.  We  showed  that  the  variation  of  the  amount 
of  oxygen  fixed  near  the  external  surface  of  the  oxide  as  a  function 
of  oxide  thickness  was  not  related  to  the  variation  in  the  oxidation 
rate  at  the  Si-SiOi  interface.  To  show  this,  we  oxidized  in  “Oj  ni¬ 
trogen-implanted  SiOj  structures  for  which  interfacial  oxidation 
is  inhibited  and  compared  with  Si"02  films  of  same  thicknesses. 

212  Strain  Dependent  Diffusion  during  Dn  Thermal  Oxidation 
of  Crystalline  Si:  C.  H.  Bjorkman  and  G.  Lucovsky,  Dept,  of 

Physics,  North  Carolina  State  University,  Raleigh,  NC  27695-8202 

The  effect  of  strain  on  the  rate  of  dry  thermal  oxidation  of  sili¬ 
con  has  been  investigated.  Local  atomic  strain  in  SiO:  films, 
grown  in  two  steps  separated  by  an  intermediate  anneal,  was  de¬ 
termined  by  infrared  spectroscopy.  The  results  support  an  oxida¬ 
tion  model  based  on  strain  dependent  diffusion  of  oi^gen  to  the 
growth  interface.  In  this  interpretation,  the  intermediate  anneal¬ 
ing  step  enhances  the  diffusion  of  oxygen  through  the  oxide  grown 
before  the  anneal,  and  therefore  increases  the  oxidation  rate. 

213  Oxidation  of  Silicon  in  Oxygen:  Measurement  of  Film 
Thickness  and  Kinetics:  S.-C.  Kao  and  R.  H.  Doremus, 

Rensselaer  Polytechnic  Institute,  Materials  Engineering  Dept., 
Troy,  NY  12180-3590 

Ellipsometry,  transmission  electron  microscopy  (TEM),  and 
step-profile  measurement  are  used  to  study  the  dty  oxidation  ki¬ 
netics  of  silicon  at  temperatures  from  750  to  llOO'C.  For  oxide 
film  thicker  than  80  nm,  all  three  thickness  measurements  agree 
within  experimental  error.  For  oxide  film  thitmer  than  35  nm,  the 
ellipsometiy  gives  higher  thickness  values  than  the  TEM  measure¬ 
ments.  Thickness  measurements  by  TEM  below  50  nm  were  cenn- 
bined  with  measurements  on  thicker  films  by  all  three  measure¬ 
ments  and  fitted  by  a  linear-parabolic  relationship  throughout  the 
measured  thickness  range.  Previous  deviations  from  linear- 
paraboUc  behavior  result  from  inaccurate  thickness  measurements 
by  ellipsometer  for  film  thinner  than  30  nm. 

214  ModeUng  Procras-DcpendcBt  Utennal  Silicon  Dioxide 
(SiOt)  Finn  on  Silicon:  H.  Wei  and  A.  K.  Henning,  Tliayer 

School  of  Engineering,  Dartmouth  Collm,  Hanover,  NH  03755, 
J.  Slinkman  and  J.  Rogers,  IBM  General  Technology  Div.,  Essex 
Junction,  VT  05452 
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This  study  models  the  process-dependent  SiOj  film  microstruc¬ 
ture  and  associated  high  frequency  melectric  constants.  For  Si-de¬ 
vice  dielectric  thicknesses  under  200  A,  the  correct  understanding 
of  bulk  Si02  and  interlayer  film  thicknesses  is  essential  to  device 
physics  studies,  such  as  accurate  CV  data  interpretation,  proper 
image  charge  accounting,  spectral  reflectance  data  reduction,  and 
hot-carrier  reliability  analysis.  We  demonstrate  the  need  for  a 
two-layer  model  by  exploring  the  characteristic  signature  of  ellip- 
sometric  data  reduced  using  a  one-layer  model,  and  comparing  it 
to  a  two-layer  model.  We  conclude  with  extraction  of  index  of  re¬ 
fraction  data  for  both  interfacial  and  bulk  portions  of  the  oxide 
films,  using  the  two-layer  model,  as  a  function  of  processing  tem¬ 
perature. 

215  New  Approach  to  Chemically  Enhanced  Oxidation — A  Re¬ 
view:  R.  J.  Jaccodine,  Lehigh  University,  Sherman  Fair- 

child  Laboratory,  Bethlehem,  PA  18015 

A  new  approach  to  the  technology  of  silicon  oxidation  Involves 
the  use  of  very  low  concentrations  (ppm)  of  an  appropriate  fluo¬ 
rine  compound  to  the  oxidant  stream.  This  paper  reviews  the  role 
of  fluorine  as  an  additive  to  the  oxidation  process  and  some  of  the 
related  studies  that  indicate  its  advantage  over  present  state-of- 
the-art  oxidation  practice.  The  work  is  discussed  by  considering 
experimental  techni^es  and  growth  kinetics,  along  with  stacking 
faults  annealing,  OED/ORD,  and  MOS  characterization. 

216  Kinetics  of  Oxidation  of  Silicon  by  Electron  Cyclotron  Res¬ 
onance  Plasma:  J.  Joseph,  Ecole  Centrale  de  Lyon,  Ecully, 

France;  Y.  Z.  Hu  and  E.  A.  Irene,  Dept,  of  Chemistry,  University  of 
North  Carolina,  Chapel  Hill,  NC  27599-3290 

The  electron  cyclotron  resonance,  ECR,  plasma  oxidation  of 
silicon  was  investigated  using  in  situ  during  process  static  spectro¬ 
scopic  ellipsometry  and  dynamic  real  time  ellipsometry.  Through 
the  use  of  a  temperature  independent  photon  energy  fast  dynamic 
oxidation  kinetics  measurements  were  performed.  Along  with 
spectroscopic  ellipsometric  measurements,  the  kinetics  are  inter¬ 
preted  in  terms  of  an  electric  field  assisted  model  where  ionic 
species  dominate  the  kinetics  Interface  damage  was  also  assessed. 

217  Mechanisms  of  Oxidation  Rate  Enhancement  in  Negative- 
Point  Oxygen  Corona  Discharge  Processing  of  SiO:  Films 

on  Si:  L  M  Landsberger,  Dept,  of  Electrical  and  Computer 
Engineering.  Concordia  University,  West  Montreal,  Que,,  Canada 
H3G  1M8 

Negative-point  oxygen  corona  discharge  processing  at  600- 
900‘C  dramatically  enhances  the  oxidation  rate,  while  creating 
SiO-  films  with  the  refractive  indexes  and  oxygen  transport  char¬ 
acteristics  normally  found  in  films  dry-thermally  grown  at  1000- 
1200‘C  By  an  analysis  of  the  atomic  mechanisms  affecting  the 
corona-treated  region,  features  of  the  film  thickness  enhancement 
profile  are  quantitatively  explained  by  additive  components: 
fieldaided  O  ion  flux,  enhanced  oxygen  diffusion,  and  relaxed  ox¬ 
ide  density  differential 

218  High  Pressure,  Low  Temperature  Oxidation  of  Si,.,Ge.: 
Promise  for  MOS-Quality  Passivation:  C.  Caragianis, 

Y  Shigesato,  and  D.  C  Paine,  Div  of  Engineering,  Brown  Univer¬ 
sity,  Providence,  RI  02912 

Thermally  grown  SiO-  on  Si  is  technologically  essential  since  it 
provides  high  quality  electronic  passivation  of  surfaces  and  junc¬ 
tions  in  Si-based  microelectronics.  Such  a  simple  method  of  pro¬ 
ducing  device  quality  passivation  does  not  exist,  however,  for 
other  potentially  useful  semiconductor  systems  such  as  Si,  ^Ge,. 
Conventional  oxidation  of  Si,.,Ge,  produces  oxides  which,  due  to 
selective  oxidation  of  Si,  are  useless  for  device  applications.  We 
have  recently  demonstrated  a  method  for  producing  composition- 
ally  congruent  oxides  from  alloys  of  Si,  ,.Ge,  at  low  process  tem¬ 
peratures  To  accomplish  this,  extremely  high  pressure  oxygen 
(>700  atm)  was  used  at  low  process  temperatures  (<550'C).  In  this 
paper  we  report  AES.  FTIR,  Raman,  ESCA,  and  HREM  results 
which  demonstrate  both  hydrothermal  (wet)  (510  atm,  550'C)  and 
dry  high  pressure  (700  atm,  550'C)  can  be  used  to  provide  high 
quality  passivation  for  Si,.,Ge,  (x  =  10  a/o).  The  suitability  of  these 
oxides  to  MOS-device  applications  was  evaluated  using  MOS-CV 
quasistatic  and  high  frequency  measurements. 

219  A  New  EllipsomctTy  Technique  for  Interface  Analysis:  Ap¬ 
plication  to  Si-SiO,:  E.  A.  Irene,  Dept  of  Chemistry,  The 

University  of  North  Carolina.  Chapel  Hill,  NC  27599-3290,  V.  A. 
Yakovlev,  Institute  of  Crystallopaphy,  Academy  of  Science, 
USSR,  Moscow  117333  USSR 

In  this  paper  we  report  a  new  spectroscopic  ellipsometry  tech¬ 
nique  that  overcomes  the  ambiguity  associatra  with  measuring  an 
interface  under  a  film.  In  this  technique  we  match  the  refractive 
index  of  the  overlayer  with  an  immersion  liquid  and  then  perform 
spectroscopic  ellipsometry  at  several  angles  of  incidence.  Essen¬ 
tially,  the  overlayer  is  optically  (not  physically)  removed,  thereby 
rendering  the  ellipsometric  measurement  sensitive  to  the  interfa¬ 
cial  layer  which  is  known  to  be  optically  and  chemically  different 
than  either  Si  or  SiOj. 

220  Infrared-Dkhroisia  on  a  Thin  Silicon  OxUle  Layer  S.  Fu- 

jimura,  K.  hkikawa,  and  T.  Ogowa,  Fujitsu.  Ltd.,  Process 
Development  Div  .  1015  Kamikodanaka,  Nakahara-ku,  Kawasaki 
2 1 1 . Japan 


Infrared-dichroism  of  thermally  grown  thin  silicon  oxide  films 
is  found  using  Fourier  transform  infrared  reflection  absorption 
spectroscopy.  Two  types  of  peaks  were  observed  at  1250  cm  '  only 
on  the  IR  spectra  using  infrared  rays  polarized  parallel  to  the 
plane  of  incidence:  one  projected  upward  and  another  projected 
downward.  Between  these  two  peaks,  the  upward  peak  did  not  in¬ 
crease  linearly  with  oxide  thickness,  and  was  considered  to  appear 
even  on  a  very  thin  oxide  film.  Thus  we  believe  that  the  upward 
peak  reflects  the  chemical  structure  of  the  Si/SiOz  interface. 

221  Deconvolution  of  Thickness-Averaged  Structural  and  Op¬ 
tical  Properties  of  Thermally  Grown  and  RPECVD  SiOz 

Films:  C.  E.  Shearon,  Jr.,  C.  H.  Bjorkman,  and  G.  Lucovsky,  Dept, 
of  Physics,  North  Carolina  State  University,  Raleigh,  NC  27695- 
8202 

The  local  atomic  strain  and  index  of  refraction  of  SiOz  films 
that  were  thermally  grown  or  deposited  at  remote  plasma-en¬ 
hanced  chemi^al-vapor  deposition,  were  determined  by  IR  spec¬ 
troscopy  and  ellipsometry,  respectively.  The  films  were  etched 
back  in  100  A  increments  and  examined  at  each  thickness.  These 
thickness  averaged  values  were  then  deconvolved  providing  con¬ 
tinuous  plots  of  the  index  of  refraction  and  the  fr^uency  of  the 
dominant  bond-stretching  vibrational  mode  as  a  function  of  the 
oxide  thickness. 

222  TEM  Investigations  of  the  Oxidation  Kinetics  of  Amor¬ 
phous  Silicon  Films:  M.  Reiche,  Institut  fiir  Festkdrper- 

physik  und  Elektronenmikroskopie,  Weinberg  2,  D-04050 
Halle/S.,  Germany 

Thin  SiOz  films  (10  nm  <  d  <  100  nm)  were  prepared  by  dry  ox¬ 
idation  (T  =  960'C)  of  amorphous  deposited  silicon  (a-Si)  layers. 
T^e  film  thickness  c  us.  the  oxidation  time  and  the  development  of 
the  interface  roughness  Ad  were  measured  by  X-TEM.  The  oxida¬ 
tion  kinetics  are  described  on  the  basis  of  Deal  and  Grove’s  model; 
differences  have  occurred  as  a  function  of  the  phosphorus  doping 
(by  ion  implantation)  of  the  a-Si  layers.  In  addition.  Ad  was  found 
to  vary  also  with  the  dopant  concentration.  Comparisons  clearly 
show  that  the  oxidation  of  a-Si  layers  differs  from  that  of  poly¬ 
crystalline  deposited  ones.  This  is  especially  true  of  the  prepara¬ 
tion  of  ultrathin  SiOj  films  (d  <  20  nm). 

223  Thermal  and  X-Ray  Production  of  Point  Defects  in  Vitre¬ 
ous  SiOj:  F.  L.  Galeener,  Dept,  of  Physics,  Colorado  State 

University,  Fort  Collins,  CO  80523 

The  concentrations  of  E',  NBOHC,  and  PROHC  defects  in  vit¬ 
reous  SiOz  are  reported  as  a  function  of  x-ray  dose  and  photon  en¬ 
ergy,  as  well  as  hydroxyl  concentration  and  fictive  temperature. 
The  concentration  vs.  dose  curves  for  electron  spin  resonance  and 
x-radioluminescence  are  highly  nonlinear,  but  are  fit  well  be  a 
model  involving  creation,  activation,  annihilation,  and  deactiva¬ 
tion.  The  photon  eneiw  studies  demonstrate  that  the  spin  active 
defects  are  caused  by  flretrons  ejected  by  photoabsorbed  x-rays. 

224  Nonstoichiometry  and  Defects  in  Bulk  a-SiO]-.  H.  Kawazoe, 
Research  Laboratory  of  Engineeii.ig  Materials,  Tokyo  In¬ 
stitute  of  Technology,  Nagatsuta,  Midori-ku,  Yokohama  227, 
Japan,  K.  Awazu,  Electrotechnical  Laboratory,  1-1-4  Umezono, 
Tsukuba,  Ibaraki  305,  Japan 

Effects  of  nonstoichiometries  and  impurities  on  the  type  and 
concentration  of  the  structural  imperfections  present  in  ^nthetic 
and  bulk  a-SiOz  were  studied.  Oz  molecules  dissolvea  in  the 
glasses  were  found  as  oxygen  excess  type  defects.  The  Oz 
molecules  were  found  to  have  an  optical  absorption  band  above  1 
eV  and  to  show  the  photochemical  reactions  similar  to  those  of  Oz 
molecules  in  the  gas  phase.Divalent  Si  dissolved  in  glass  ,  «twork 
and  small  Si  cluster  are  the  oxygen  deficient  type  defects  found  in 
the  glasses. 

225  The  Paramagnetic  Defects  in  Crystalline  SiOt:  J.  A.  Weil, 
R.  J.  McEachem,  and  M.  M.  Mombourquette,  Dept,  of 

Chemistry,  University  of  Saskatchewan,  Saskatoon,  SK,  Canada 
S7N  OWO 

The  so-called  mint  defects  in  crystalline  silicon  dioxide  are 
multitudinous,  and  form  a  basis  for  the  understanding  of  such  de¬ 
fects  in  fused  cjuartz  and  silica  glasses.  More  than  fifty  of  the  para- 
maOTetic  species  in  o-quartz  are  now  known,  most  characterized 
in  detail  by  electron  paramagnetic  resonance  spectroscopy.  A  re¬ 
view  of  the  latter  defects  is  presented,  including  a  discussion  of  re¬ 
cent  work  on  generating  powder/glass  epr  lineshapes  from  the  sin¬ 
gle-crystal  parameters. 

226  Formation  of  Si/SiO,  Heterostnictures  by  Low-Tempera- 
tnre,  Plasma-Assisted  Oxidation  and  Deposition  Processes: 

G.  Lucovsky,  Y.  Ma,  T.  Yasuda,  and  S.  Habermehl,  Dept,  of 
Physics,  North  Carolina  State  University,  Raleigh,  NC  27695-8202 

Conventional  techniques  for  fabricating  Si/SiOi  structures 
combine  Si/SiOz  interface  formation  with  growth,  or  deposition  of 
the  bulk  oxide.  We  describe  a  new  low-tenqinature  process  in 
which  interface  formation  and  oxide  deposition  are  separately 
controlled.  This  technique  includes  oxidation  of  Si  by  remotely 
generated  O-atoms,  following  an  RCA  clean  that  concludes  with  a 
rinse  in  dilute  HF,  and  deposition  of  an  oxide,  or  a  multilayer  di¬ 
electric  (ON  or  ONO)  by  remote  plasma-enhanced  CVD. 
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227  Growth  and  Characterization  of  SiOz  Thin  Films  Deposit* 
ed  by  DECR-PECVD  at  Low  Temperature:  B.  Agius^  M.  C. 

Hugon,  and  N.  Jiang,  Institut  Universitaire  de  Technologie,  Uni- 
versite  de  Paris  Sud  (XI),  91403  Orsay  Cedex,  France,  M.  Puech 
and  G.  Ravel,  Alcatel  SDG,  PAE  les  Glaisins,  74009  Annecy 
Cedex.  France.  F.  Plais,  Thomson-CSF  LCR,  Domaine  de  Corbe- 
ville,  91404  Orsay  Cedex,  France 

Silicon  dioxide  films  have  been  deposited,  at  low  temperature, 
by  the  DECR-PECVD  technique,  using  pure  silane  and  oxygen 
gases  on  Si  substrates.  This  paper  reviews  the  physical,  optical, 
and  electrical  properties  of  tnese  films  and  their  aependence  on 
deposition  conditions.  High  density  films  with  a  stoichiometry 
closed  to  thermal  oxide  one  and  low  hydrogen  contamination  can 
be  obtained  by  judicious  choice  of  pressure  (0.1  Pa),  microwave 
power  (800  W).  total  gas  flow  (20  seem),  and  oxygen  flow  to  silane 
how  ratio  (9). 

228  Low  Temperature  Synthesis  and  Characterization  of  Sili¬ 
con  Dioxide  Films:  G.  S.  Chakravarthy,  R.  A.  Levy,  and 

J.  M.  Grow.  New  Jersey  Institute  of  Technology.  Newark,  NJ 
07102 

Diethylsilane  (DES)  has  been  used  as  a  precursor  to  produce 
silicon  dioxide  films  by  low  pressure  chemical  vapor  deposition. 
The  growth  rate  of  the  deposited  glass  films  in  the  temperature 
range  of  37.'>-475’C  was  observed  to  follow  an  Arrhenius  behavior 
yielding  an  activation  energj’  of  10  kcal/mol.  The  growth  rate  was 
also  obser\'cd  to  increase  w'ith  higher  pressure  and  to  vary'  as  a 
function  of  the  square  root  of  the  DES  flow  rate  and  O-^/DES  ratio. 
In  both  the  pressure  and  the  0;;/DES  ratio  studies,  there  were 
points  of  abrupt  cessation  in  deposition.  The  density  of  the  films 
was  measured  to  be  close  to  2.2  g/cm  *  regardless  of  deposition  con¬ 
ditions.  IR  spectra  of  the  films  showed  peaks  centered  at  1060,  810. 
and  440  cm  •  indicating  the  presence  of  Si-O  stretching  bonds.  The 
refractive  index  of  the  films  was  found  to  be  at  1.46.  independent 
of  deposition  temperature.  The  P-etch  rate  of  the  films  deposited 
at  450  C  was  measured  to  be  90  nm/min  at  25'’C. 

229  Fundamental  Spectroscopic  Studies  of  SiO;  Deposition 
from  TEOS:  ./  E.  Crowell.  H.-C.  Cho,  and  L.  L.  Tedder, 

Oept  of  Chemistn.'.  Universitv  of  California.  San  Diego.  La  Jolla. 
CA  921193-0314 

We  have  studied  the  reaction  of  tetracthoxysilane  (TEOS)  with 
Si  and  SiOj  surfaces  using  AES.  XPS,  TPD.  and  transmission  IR 
spectroscopy  We  have  also  examined  the  role  of  phosphorus  in 
catalyzing  fhe  SiO..  deposition  process,  and  its  deposition  from 
PH  We  have  delineated  the  nature  of  the  TEOS  adsorption  reac¬ 
tion  and  Its  dependence  on  adsorption  site  by  varying  the  surface 
hydroxyl  concentration  and  the  chemical  nature  of  the  oxide  sur¬ 
face  Our  temperature  dependent  studies  in  UHV  and  at  milliTorr 
conditions  have  permitted  us  to  determine  and  compare  the  mech¬ 
anism  by  which  TEOS  reacts  and  decomposes  on  Si  and  SiO:r  sur¬ 
faces.  We  present  reaction  mechanisms  for  SiO..  and  PSG  deposi¬ 
tion,  and  we  discuss  modeling  of  the  surface  reactions  using 
ethanol 

230  Native  Oxide  Growth  and  Hydrogen  Bonding  Features  on 
Chemically  Cleaned  Silicon  Surfaces:  M.  Hirose,  M. 

Takakura,  T.  Yasnka.  and  S.  Miyazaki,  Dept,  of  Electrical  Engi¬ 
neering.  Hiroshima  University.  Higashi-Hiroshima  724,  Japan 
Ultra  thin  oxide  (<13  A)  grown  in  pure  water  after  HF  or 
BHF  treatment  contains  a  wide  variety  of  hydrogen  bonds  as  re- 
veaU*d  by  FT-IR-ATR.  An  appreciable  amount  of  SiH;.  bonds  is  ex¬ 
isting  m  the  SiO./Si(100)  interface.  Correspondingly,  the  Si-'  XPS 
signal  ;s  hardly  observable  in  the  interface  and  appears  after 
.500  C  annealing  m  vacuum  as  a  consequence  of  hydrogen  desorp¬ 
tion  from  the  matrix. 

231  Understanding  the  Surface  Chemical  and  Structural  Impli¬ 
cations  of  HF  Solution  Cleaning  of  Silicon:  G.  S.  Higashi, 

AT8rT  Bell  Laboralones.  Murray  Hill.  NJ  07974-0636 

Ab-lmlio  molecular  orbital  calculations  show  that  the  mech¬ 
anism  re.sponsible  for  H-termination  subsequent  to  HF  treatment 
f)f  Si  surfaces  involves  bond  polarization  and  subsequent  HF  at¬ 
tack  This  leads  to  the  dissolution  of  polar  molecular  species,  leav¬ 
ing  nonpolar  silicon  hydrides  behind.  Infrared  spectroscopy  finds 
these  H-termmated  .surfaces  to  be  atomically  rough  when  HF  solu¬ 
tions  of  low  pH  are  employed,  and  are  composed  of  mono-,  di-. 
and  tn-hydnde  Si  species  High  pH  HF  solutions  form  (III)  facets 
on  Si(IOO)  but  allow  the  formation  of  single-domain  mono-hydride 
terraces  on  Si(1 1 1 )  Scanning  tunneling  microscopy  confirms  that 
atomically  perfect  SUll  1 )  surfaces  can  bo  realized  using  HF  solu¬ 
tions  with  a  pH  -  8 

232  Pre-Gate  Oxide  Si  Surface  Control:  M.  Morita  and  T. 
Ohmt,  Dept  of  Electronic  Engineering,  Faculty  of  Engi¬ 
neering.  Tohoku  University,  Sendai  980.  Japan 

Very  thin  oxide  films  with  high  tlectrical  insulating  perfor¬ 
mance  and  high  reliability  are  formed  by  controlling  the  preoxide 
growth  on  Si  surfaces  during  the  temperature  ramp-up  right  be¬ 
fore  thermal  oxidation  using  uitraclean  oxidation  systems.  The 
bamer  height  at  the  Si-SiO^  interface  for  electrons  tunneling  from 
Si  to  SiO.  for  the  ultraclean  oxide  i.s  little  decreased  as  the  thick¬ 
ness  IS  thinner,  while  the  height  for  the  conventional  dry  oxide  in- 
rluding  thicker  prenxide  is  drastically  decreased. 


233  Chemical  Structures  of  Native  Oxides  Formed  during  Wet 
Chemical  Treatments  on  Atomically  Flat  Si(lll)  Surface: 

H.  Ogawa  and  T.  Hattori,  Dept,  of  EEE,  Musashi  Institute  of  Tech- 
nol.,  Tamazutsumi,  Setagaya-ku,  Tokyo  158,  Japan 

The  infrared  and  photoelectron  spectra  arising  from  Si-H 
bonds  at  and  near  the  native  oxide/silicon  interface  could  be  ex¬ 
tracted  without  deconvolution  using  reference  spectra  obtained 
for  native  oxide  formed  in  HzSO^-HzOz  solution,  which  was  found 
to  contain  negligible  amount  of  Si-H  bonds  at  and  near  the  native 
oxide/silicon  interface.The  native  oxides  studied  using  FT-IR- 
ATR  and  XPS  were  formed  during  wet  chemical  treatments  on  H- 
lerminated  atomically  flat  Si(ll  1)  surfaces. 

234  Silicon  Surface  Analysis  and  Very  Thin  Silicon  Oxide 
Characterization  after  HF/Ethanol  Preoxidation  Silicon 

Cleaning:  J.  R.  Morante,  B.  Garrido,  and  J.  Samitier,  LCMM  Dept. 
Ffsica  Aplicado  i  Electrbnica  Univ.  de  Barcelona,  Diagonal  645- 
647,  08028  Barcelona,  Spain,  F.  Gessin,  J.  L.  Prom,  and  G. 
Sarrabayrouse,  LAAS,  CNRS  7,  31077  Toulouse  Cedex,  France 

A  comparison  between  the  silicon  HF/ethanol  cleaning  and  the 
HF/H2O  one  has  been  performed.  Ellipsometric  measurements 
show  the  presence  of  an  overlayer  0.3  nm  thick  us.  the  0.6-0. 7  nm 
in  the  HF/H2O  case.  Atomic  force  microscopy  shows  a  drastic  re¬ 
duction  of  the  surface  roughness.  The  subsequently  thermally 
grown  SiOz  layers  {<100  A)  analyzed  by  IR  absoiption  show  an  in¬ 
creased  percentage  of  high  bond  angles  in  HF/etnanol  case. 

235  Effects  of  Metallic  Impurities  upon  Thin  Gate  Oxide  In¬ 
tegrity  and  Related  Bulk  Electrical  Properties  in  CZ  Si: 

K-C.  Cho,  J.-G.  Park.  Y.-S.  Kwok.  D.-J.  Lee,  C.-S.  Lim,  and  C.-K. 
Shin,  Samsung  Electronics,  Quality  Control  Div.,  Kihung  Plant, 
Kihung-Eup,  Kyungki-Do.  Korea,  S.  Hahn,  Dept,  of  Materials 
Science  and  Engineering,  Stanford  University,  Stanford.  CA 
94305 

We  investigated  effects  of  various  well-known  metallic  impuri¬ 
ties  such  as  Fe,  Cu.  Al,  and  Au  (contaminated  by  a  spin  coating 
method  with  concentration  levels  ranged  from  lElO  to  1E15 
atoms/cm-)  upon:  (i)  thin  gate  oxide  (thickness  -23  nm)  integrity: 
(ii)  total  oxide  charges;  and  (iti)  various  bulk  electrical  and  struc¬ 
tural  defects.  Basedf  upon  our  oxide  integrity  and  bulk  electrical 
and  structural  characterization  data,  we  conclude  that  Fe  is  the 
most  harmful  metallic  impurity  among  the  four  metallic  elements 
investigated  in  this  study. 

236  Carbon  Impurities  at  Si-SiO:  Interfaces:  S.  1.  Raider.  IBM 
T.J.  Watson  Research  Center,  Yorktown  Heights.  NY  20598 

An  interfacial  oxidation  reaction  is  identified  in  which  chemi¬ 
cally  reactive  carbon  impurities  in  a  Si  substrate  are  oxidized  by 
SiO;.  at  a  Si-SiO:.  interface  during  thermal  annealing  in  inert  am¬ 
bients.  The  electrical  properties  of  MOS  devices  are  degraded  dur¬ 
ing  the  initial  stages  of  this  SiO^  decomposition  reaction.  The  pres¬ 
ence  of  oxidizable  carbon  species  al  a  Si-SiO^  interface  provides  a 
reaction  path  that  can  proceed  in  parallel  with  Si  oxidation  during 
thin  (<20  nm  thick)  SiO^  growth.  The  similarity  between  degrada¬ 
tion  of  MOS  electrical  properties  after  inert  ambient  annealing 
and  standard  processing  indicates  that  oxidation  of  carbon  impu¬ 
rities  at  a  Si-SiO:-  interface  is  of  technological  significance. 

237  Microscopic  Structure  of  the  Si/SiOt  Interface:  F.  J: 
Himpsel,  IBM  T.J  Watson  Research  Center,  Yorktown 

Heights.  NY  19598 

The  distribution  of  oxidation  stales  at  the  Si/SiO^  interface  is 
determined  using  high-resolution  Si2p  core  level  spectroscopy 
with  synchrotron  radiation.  The  dependence  on  crystallographic 
onentation.  substrate  roughness,  and  growth  temperature  was  in¬ 
vestigated,  and  is  discussed  in  view  of  current  structural  models 
for  the  interface. 

238  High  Resolution  Transmission  Electron  Microscope  Image 
of  the  SiOz/(001)Si  Interface:  H.  Akatsu,  IBM  Tokyo  Re¬ 
search  Laboratory,  Sanbancho  5-19,  Chiyoda-ku,  Tokyo  102. 
Japan,  and  Y.  5ir7ii  and  I.  Ohdomari,  School  of  Science  and  Engi¬ 
neering.  Waseda  University,  Ohkubo  3-4-1,  Shinjuku-ku,  Tokyo 
169. Japan 

Cross-sectional  HRTEM  observation  of  the  SiO2/(001)Si  inter¬ 
face  prepared  by  thermal  oxidation  reveals  that  there  is  a  thin  lay¬ 
er  e?mibiting  110  period  image  al  the  interface.  Simulation  using 
simple  interface  model  shows  that  the  interface  roughness  modi¬ 
fies  the  c-Si  lattice  image  so  as  to  exhibit  the  110  period  image.  A 
tridymite/(001)Si  interface  also  exhibits  the  llOperiod  image  but 
a  number  of  planar  defects  have  to  be  introduced  in  this  case. 

239  Dependence  of  Surface  Microroughness  on  Types  of  Silicon 
Substrates:  T.  Ohmi,  T.  Tsuga,  and  J.  Takano,  Dept,  of 

Electronics,  Faculty  of  Engineering,  Aza-Aoba,  Aramaki.  Aooaku, 
Sendai  80.  Japan 

The  dielectric  breakdown  field  intensity  is  affected  by  the  sur¬ 
face  microroughness  of  silicon  substrate.  It  has  been  found  that 
the  increase  of  surface  microroughness  due  to  the  APM  cleaning 
varies  among  the  wafer  types  such  as  CZ,  FZ,  and  EPI.  The  surface 
microroughnes  is  causea  oy  the  point  defect  such  as  vacancy.  In 
the  case  of  the  n  type  CZ  wafer,  the  suface  microroughness  is  in¬ 
creased  even  in  the  dilute  HF  cleaning,  however  this  problem  is 
perfectly  resolved  by  injecting  into  the  dilute  HF 
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240  The  Effect  of  Surface  Roughness  on  Gate  Oxide  Leakage 
Currents:  Af.  Chonko,  Motorola  Inc.,  Advanced  Products 

Research  and  Development  Laboratory,  Austin,  TX  78721, 
V.  Kaushik,  Motorola  Inc.,  Surface  Analysis  Laboratory,  Micro¬ 
processor  and  Memory  Technology  Group,  Austin,  TX  78721 
We  have  studied  the  effects  of  silicon  surface  roughness  on 
150  A  gate  oxide  characteristics.  Varying  degrees  of  roughness 
were  induced  by  timed  wet  silicon  etches.  For  short  etch  times,  the 
initial  roughness  is  reflected  at  the  top  oxide  surface  while  the 
substrate/oxide  interface  is  smoothed.  This  results  in  increased 
current  injection  from  the  poly/oxide  interface.  The  substrate  in¬ 
jection  remains  at  its  initial  level.  The  poly/oxide  interface  rapid¬ 
ly  degrades  with  increasing  roughness  (etcn  time).  At  longer  times, 
the  substrate/oxide  interface  begins  to  retain  some  of  the  etch-in¬ 
duced  roughness,  and  injection  characteristics  from  this  interface 
also  begin  to  degrade.This  nonsyimnetric  degradation  of  IV  char¬ 
acteristics  can  w  used  to  qualitatively  evaluate  process-induced 
suface  roughness.  The  potential  of  two  common  oxide  etching 
solutions  to  roughen  the  Si  suface  are  compared  using  this  tech¬ 
nique. 

241  A  Double  Sacrificial  Oxide  Process  for  Smoother  130  A 
SiO  Gate  Oxide  Interfaces:  H.-H.  Tseung'  and  P.  J.  Tobin, 

Motorola  Inc.,  Advanced  Produces  Research  and  Development 
Laboratory.  Austin,  TX  78721 

We  have  found  that  a  double  sacrificial  oxide  process  provides 
a  smoother  active  surface  than  the  single  sacrificial  oxide  process. 
The  onset  of  Fowler-Nordheim  tunneling  (injected  from  a  polysil- 
icon/gate  oxide  interface)  for  gate  oxide  grown  using  a  double  sac¬ 
rificial  oxide  process  occurs  at  a  higher  field  than  that  for  the  sin¬ 
gle  sacrificial  oxide  case.  This  implies  that  the  double  sacrificial 
oxide  process  results  in  a  smoother  polysilicon/gate  oxide  inter¬ 
face.  Further,  the  interface  state  density  of  the  gate  oxide/sub¬ 
strate  interface  is  reduced  for  the  double  sacrificial  oxide  process. 

242  Effect  of  Solidification  Induced  Defects  in  CZ-Silicon  upon 
Thin  Gate  Oxide  Integrity:  H.  Suga,  H.  Abe,  H.  Koya, 

T.  Yoshimi,  1.  Suzuki,  H.  Yoshioka,  and  N.  Kagawa,  Mitsubishi 
Materials  Silicon  Corp..  314  Kanauchi,  Nishi-sangao  Noda-shi. 
Chiba-ken  33(1.  Japan 

Thin  gate  oxide  in  VLSI  devices  is  clarified  to  be  correlated  in¬ 
herently  with  crystal  growth  conditions  in  the  Czochralski 
method;  especially,  the  growth  rate  increase  consistently  degener¬ 
ates  the  dielectric  breakdown  voltage  of  thermal  gate  oxide.  Ex¬ 
perimental  results  show  that  the  density  of  frcezed-in  detects 
associated  with  faster  pul)  rate  affects  the  occurrence  of  weak  spot 
breakdown  of  thin  gate  oxide.  This  feature  is  not  affected  by  dop¬ 
ing.  oxygen  incorporation,  thermal  history  below  1250’C. 

243  Effects  of  D-Defects  in  CZ  Silicon  upon  Thin  Gate  Oxide 
Integrity:  J.-G.  Park,  S.-P.  Choi,  G.-S.  Lee,  Y.-J.  Jeong, 

Y  -S  Kivak,  and  C -K.  Shin,  Samsung  Electronics,  Quality  Control 
Div ,  Kihung  Plant.  Kihung-Eup,  Kyungki-Do,  Korea, 
S.  Hahn,  Dept  of  Materials  Science  and  Engineering,  Stanford 
University,  Stanford.  CA  94305,  P.  Mascher,  Dept,  of  Engineering 
Physics,  McMaster  University.  Hamilton,  Ont.,  Canada  L8S  4M1 
Wc  investigated  the  effects  of  D-defects  upon  oxide  breakdown 
field  strength  and  time-dependent-dielectric  breakdown  charac¬ 
teristics  of  23  nm  thick  thermally  grown  gate  oxide  and  the  nature 
of  these  defects  by  Secco  etchin^cross-section  optical  microscopy, 
thermal  wave  imaging,  and  positron  annihilation  spectroscopy 
Our  data  show  that:  (i)  D-delects  in  Si  substrate  indeed  degrade 
breakdown  field  strength  and  time-dependent-dielectric  break¬ 
down  charactenstics;  and  (ii)  D-defects  are  definitely  not  of  inter¬ 
stitial  nature,  and  are  most  likely  vacancy-related  defects. 

244  Oxidation-Induced  Changes  in  the  Si  Surface  Microrough- 

nes.s:  V.  Nayar,  A.  J.  Pidduck,  and  C.  Pickering,  DRA  Elec¬ 
tronics  Div..  (RSRE),  Malvern,  Worcs.,  England  WR14  3PS 

The  roughness  of  SiO,  surfaces  and  interfaces  resulting  from 
different  oxide  growth  conditions  and  to  different  thicknesses  has 
been  studied  over  a  wide  range  of  length  scales  using  spectro¬ 
scopic  ellipsometry,  scanning  optical  microscopy  in  differential 
phase  contrast  mode,  and  atomic  force  microscopy.  A  comparison 
of  wet  and  dry  oxidations  revealed  an  increase  of  roughness  at 
both  the  oxide  interfaces  relative  to  the  starting  surface  The  in¬ 
terface  topography  was  observed  to  evolve  and  become  signifi¬ 
cantly  different  from  that  of  the  starting  wafer  for  increasing  ox¬ 
ide  thickness 

243  Properties  of  SIMOX  and  Related  Systems:  S. 

Criitoloveanu,  LPCS,  Enserg,  38016  Grenoble  Cedex,  France 
The  flexibility  and  quality  of  the  SIMOX  process  are  addrcKied 
by  referring  to  the  electrical  properties  of  the  silicon  film,  buried 
oxide,  and  interfaces.  The  most  reliable  methods  of  characteriza¬ 
tion  are  described.  Interface  coupling,  floating  body,  and  transient 
effects  are  shown  to  be  ^ical  effects  in  thin  film  SIMOX  devices. 
The  nature  of  the  buried  oxide  is  revealed  by  hot  carrier  injection 
and  irradiation  experiment. 

245  Reoxidized  Nitrided  Oxide  Gate  Dielectrics  for  Advanced 

CMOS:  G.  J-  Dunn,  M.I.T.  Lincoln  Laboratory.  Lexington, 
MA  02173 

The  advantages  of  reoxidized  nitrided  oxide  (RNO)  gate  di¬ 
electrics  for  advanced  CMOS  applications  are  reviewed.  RNO 
n  MOSFF.Ts  exhibit  greatly  improved  resistance  to  channel  hot 


carrier  stress,  due  to  the  suppression  of  interface  trap  and  bulk 
electron  trap  generation.  However,  RNO  p-MOSFETs  exhibit  re¬ 
duced  resistance  to  stress,  due  to  backgroimd  trapping  on  nitrida- 
tion-induced  bulk  traps.  As  dielectric  thickness  approaches  -5  nm, 
background  trapping  will  diminish  in  importance  relative  to  trap 
generation. 

247  Interface  Properties  and  Device  Reliability  of  High  Quality 
PECVD  Oxide  for  MOS  Applications:  L.  K.  Wang,  C.  C-H. 

Hsu,  and  W.  Chang,  IBM  Research  Div.,  T.J.  Watson  Research  Cen¬ 
ter,  Yorktown  Heights,  NY  10598 

Low  temperature  deposited  high  quality  thin  plasma  enhanced 
eVD  oxides  have  been  used  as  gate  dielectric  to  investigate  the  in¬ 
terface  characteristics.  From  the  comparison  of  the  CMOS  device 
using  PECVD  gate  oxide  and  thermally  growm  gate  oxides,  the 
PECVD  oxide  properties  are  not  much  divergent  from  the  thermal¬ 
ly  grown  gate  oxides.  The  oxide  reliability  is  examined  by  using 
high  field  tunneling,  channel  hot  carrier  stress,  and  buried  junc¬ 
tion  injection.  The  results  suggest  that  although  the  oxide  trapping 
density  is  comparable  to  the  thermal  growm  gate  oxides,  the  Si- 
SiOj  interface  strength  is  still  slightly  weaker, 

248  Charge  Trapping  in  an  ONO  Gate  Dielectric:  R.  B.  Klein, 
SFA,  Inc.,  handover,  MD  20785,  N.  S.  Saks,  Code  6813, 

Naval  Research  Laboratoiy,  Washington,  DC  20375 

The  capture  cross  section  a,,  and  density  N,  of  intrinsic  electron 
traps  in  a  composite  ONO  (oxide-nitride-oxide)  dielectric  were 
measured  using  low-field  substrate  hot  electron  (SHE)  injection. 
We  find  that  N,  =  5.4  x  10'®  cm*®  and  o^  =  1,2  x  10''®  cm®,  character¬ 
istic  of  a  Coulomb-attractive  trap.  Radiation  experiments  per¬ 
formed  after  SHE  injection  reveal  hole  traps  with  the  same  cross 
section.  These  results  are  discussed  in  light  of  our  current  under¬ 
standing  of  electron  and  hole  traps. 

249  Interface  Trap  Density  Reduction  and  Oxide  Profiling  for 
Fluorinated  MOS  Capacitors:  D.  Kouvatsos*  and  R.  J.  Jac- 

codine,  Sherman  Fairchild  Center  for  Solid  State  Studies,  Lehigh 
University,  Bethlehem,  PA  18015,  F.  A.  Stevie,  AT&T  Bell  Labora¬ 
tories,  Allentown,  PA  18103 

The  effect  of  fluorine  incorporation  on  the  as-grown  interface 
trap  density  was  investigated  using  MOS  capacitors  with  fluori¬ 
nated  oxide  dielectrics  as  test  structures  A  clear  reduction  of  the 
interface  trap  density  was  shown  for  NF3  additions  in  the  ppm 
range  as  compared  to  dry  oxides.  The  fluorine  incorporation  in  the 
oxide  was  investigated  by  means  of  SIMS  profiling.  A  tendency  of 
fluorine  to  be  partially  immobilized  in  the  oxide  at  the  time  of  its 
incorporation  was  observed. 

230  Physics  of  Extreme  Quantum  Confinement  Examplified  by 
Si/SiOj  System:  R.  Tsu,  University  of  North  Carolina  at 

Charlotte,  Charlotte,  NC  28223 

The  physics  of  extreme  quantum  confinement  involves  consid¬ 
erations  beyond  present  day  treatment  of  superlattices  and  quan¬ 
tum  well  structures.  Apart  from  retaining  the  effective  mass  ap¬ 
proximation,  a  constant  dielectric  constant  cannot  be  assumed.  In¬ 
terface  strain  plays  a  major  role  in  determining  reaction  rate.  Ox¬ 
ide  growth  as  a  barrier  for  confinement  in  a  nanocrystal  of  silicon 
involves  processes  similar  to  the  strain-layered  superlattices  with 
a  lowering  of  defect  density  at  the  interface.  Therefore,  a  better 
barrier  consists  of  a  Si/SiO-  composite.  Some  new  insights  in  the 
physics  of  extreme  quantum  confinement  are  discussed. 

231  Integrity  of  Very  Thin  Silicon  Films  Deposited  on  SiO,: 

M.  Chonko'  Motorola  Inc.,  Advanced  Product  Research  and 
Development  Laboratory,  Austin,  TX  78721,  and  D.  Keitz,  Mo¬ 
torola  Inc.,  MOS  1 1  Wafer  Fabrication  Facility,  Austin,  TX  78735 
The  physical  integrity  of  very  thin  LPCVD  silicon  films  has 
been  studira  as  a  function  of  deposition  temperature  and  pressure. 
Integrity  was  defined  as  the  ability  of  the  film  to  protect  an  under¬ 
lying  oxide  film  from  an  HF  etch.  We  have  found  that  polycrys¬ 
talline  films  deposited  at  temticratures  close  to  600'C  are  not  con¬ 
tinuous.  Films  deposited  in  the  amorphous  phase  protect  the  un¬ 
derlying  oxide  and  therefore  must  be  continuous. 

232  Researches  of  SiO,  on  InP  and  GaAs  MOS  Structure:  Y.  K. 

Su  and  C.  J.  Hwang,  Dept,  of  Electrical  Engineering,  Na¬ 
tional  Chang  Rung  University,  Tainan,  Taiwan,  China 

The  high  quality  SiO,  layer  has  been  deposited  on  GaAs  and 
InP  by  direct  photo-CVD  using  deterium  lamp.  Its  refractive  index 
is  1.462  at  SiH4/N20  =  0.25,  Tne  FTIR  data  snow  that  Si-O  bonds 
are  dominant  in  this  film.  XPS  and  AES  measurements  show  that 
a  good  interface  and  bulk  layer  are  attained.  The  high  frequency 
(1  MHz)  C-V  of  the  n-InP  MOS  diode  has  been  measured,  and  a 
minimum  interface  state  density  (D„)  of  2  x  10"  cm  ®  eV  '  was  de¬ 
rived  by  Terman's  method.  DLTS  measurement  was  applied  to  n- 
GaAs  MOS  diode  and  a  maximum  surface  state  density  (N„)  of  6  x 
10'®  cm  ®  eV  '  at  x  0.4  eV  was  detected. 

233  Generation  of  Tel«pnph  Noise  via  Single  Interfacial  De¬ 
fects:  M.  J.  Uren,  DRA  Electronics  Div.,  RSRE  Malvern, 

Worcs.,  England,  WH14  3PS,  D.  H.  Cobden,  Semiconductor 
Physics,  Cavendish  Laboratoiy,  Cambridge  CB3  OME,  England 
This  py»r  reviews  the  information  that  has  bwn  deduced 
about  the  SiO,  slow  states  from  the  study  of  Random  Telegraph 
Signals.  New  results  on  the  interpretation  of  the  entropy  change 
on  capture  into  the  defect,  and  the  measurement  of  an  RTS  due  to 
an  oxide  two-level-system  are  presented. 
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254  Single  Electron  Transfer  from  the  Channel  in  Suh-^m 
MOSFETs  to  an  Individual  Interface  Trap:  M.  Schulz  and 

A.  Pappas,  Institute  of  Applied  Physics,  University  of  Erlangen, 
D-8520  Erlangen,  Germany 

Random  tmegraph  switching  (RTS)  of  only  a  single  interface 
trap  in  the  active  gate  area  of  a  sub-pm  sized  MOSFET  is  report¬ 
ed.  The  usual  1/f  noise  at  low  frequencies  generates  in  this  case  a 
pure  Lorentzian  fr^uency  spectrum.  The  trapping  rate  constants 
for  capture  and  emission  are  analyzed  over  5  orders  of  magnitude 
as  a  function  of  the  gate  bias  voltage,  the  temperature,  ana  for  the 
first  time  of  the  substrate  bias  voltage.  From  the  experimental 
data,  we  can  evaluate  the  level  enerw  150  meV,  the  image  charge 
energy  lowering  45  meV,  and  the  nee  energy  170  m^  of  the 
Coulomb  blockage  in  the  transfer  rate. 

255  "O  Hyperfine  Study  of  the  Pt,  Center:  J.  H.  Stathis,  IBM 
Research  Div,,  T.J.  Watson  Research  Center,  Yorktown 

Heights,  NY  10598,  S.  Riga  and  I.  Trimaille,  Group  de  Physique 
des  Solides,  Universite  Paris  VII,  75251  Paris  Gedex  05,  France 
We  have  measured  the  ”0  hyperfine  structure  of  the  Pt,  center 
in  order  to  learn  something  about  the  oxide  structure  around  the 
defect.  To  enhance  the  concentration  of  ”0  (I  =  5/2,  natural  abun¬ 
dance  0.037%)  oxides  were  grown  in  55.65%  isotopically  enriched 
oxygen.  By  deconvolution  of  the  '■'O  hyperfine-broadened  spec¬ 
trum,  we  are  able  to  ascertain  that  the  unpaired  electron  on  the  Pt 
center  interacts  weakly  with  only  a  single  oxygen  atom  in  the 
SiOj.  Within  the  resolution  of  our  analysis,  the  position  of  this 
oxygen  atom  relative  to  the  dangling  bond  Is  not  unique,  but 
vanes  randomly  from  site  to  site.  The  number  of  oxygen  atoms, 
however,  is  the  same  at  every  site. 

256  The  Influence  of  Crystal  Orientation  and  Processing  Condi¬ 
tions  on  the  Energy  Distribution  of  Traps  at  the  Si-SiO;  In¬ 
terface:  C.  H.  Bjorkman,  Y.  Ma,  T.  Yasuda,  and  G.  Lucovsky,  Dept, 
of  Phvsics,  North  Carolina  State  University,  Raleigh,  NC  27695- 
8202  ■ 

We  have  studied  the  local  atomic  strain  as  a  function  of  crystal 
orientation  and  processing  conditions,  and  its  relationship  to  the 
energy  distribution  of  interface  traps  in  the  Si  bandgap.  For  ex¬ 
ample,  for  oxides  grown  on  Si(lOO)  surfaces,  an  increase  in  oxida¬ 
tion  temperature  promotes  strain  relaxation  and  reduction  of  in¬ 
terface  states  at  energies  above  0  4  eV  in  the  Si  bandgap,  but  not 
at  energies  between  0.2  and  0.4  eV. 

257  Charge  Trapping  and  Depadation  of  Thin  Dielectric  Lay¬ 
ers:  JVf  M.  Heyns,  A,  v.  Schwerin  (Present  address:  Siemens, 

Corporate  R&D,  D-8000  Munchen  83.  Germany),  S.  Verhaverbeke, 
and  A.  Kelleher  (Present  address:  NMRC,  University  College,  Lee 
Meltings,  Cork,  Ireland),  Interuniversity  Microelectronics  Centre 
(IMEC).  3001  Leuven.  Belgium 

The  injection  of  charges  in  the  gate  oxide  is  a  potential  reliabil¬ 
ity  problem  due  to  the  charge  bufld-up  in  the  SiOj  layer  and  the 
degradation  of  the  Si/SiO.  interface  which  follows  from  it.  In  this 
work  a  detailed  study  is  made  on  the  charge  trapping  and  trap 
generation  during  injection  of  electrons  and  holes  using  homoge¬ 
neous  injection  at  varying  oxide  field  Beside  this  the  effect  of  the 
addition  of  Cl  and  F  in  the  oxide  layer  and  the  effect  of  rapid  ther¬ 
mal  nitridation  and  re-oxidation  on  the  oxide  trapping  character¬ 
istics  is  a'so  discussed 

258  Charging  and  Discharging  Properties  of  Electron  Traps 
Created  by  Hot-Carrier-Injections  in  Gate  Oxide  of  n- 

MOSFET:  D.  Vuillaume,  URA253  CNRS,  ISEN,  59046  Lille,  France 
We  have  analyzed  the  capture  and  emission  properties  of  oxide 
defects  induced  by  hot-carrier-aging  of  MOSFET.  The  changes  of 
the  charge  states  of  the  traps  have  been  monitored  by  the  time- 
evolution  of  the  very  low  level  gate  current  measured  by  the  float¬ 
ing-gate  technique.  A  large  capture  cross  section  (-10  '*  cm')  has 
been  found  for  electron  traps  which  has  been  correlated  with  opti¬ 
cal  properties  According  to  these  optical  properties,  the  hot-carri¬ 
er-induced  defects  should  be  an  acceptor-like  defect  at  -1  7  eV  be¬ 
low  the  CB  with  a  large  lattice  relaxation  (photoionization 
energy  of  -3  eV).  A  possible  relation  with  the  O,  s  Si )  defect  in  the 
oxide  is  assessed  by  comparison  with  theoretical  calculations 

259  Optically  Induced  Nitrogen  Dangling  Bonds  in  Amorphous 
Silicon  Nitride  Thin  Films:  W.  L.  Warren  and  P.  J. 

McWhorter.  Sandia  National  Laboratories,  Albuquerque.  NM, 
10598,  J  Kanicki.  IBM  T.J  Watson  Research  Center,  Yorktown 
Heights,  NY  10598,  E.  H.  Poindexter.  Electronics  Technology  and 
Devices  I^borartory,  Fort  Monmouth,  NJ  07703 

Using  X-band  and  Q-band  electron  paramagnetic  resonance 
microwave  freq^uencies,  we  have  confirmed  a  model  for  the  two- 
coordinated  N  dangling  bond  in  stoichiometric  and  N-rich  silicon 
nitride  Our  results  further  suggest  that  the  creation  of  the  N 
dangling  bond  is  related  to  H  evolution  from  the  films,  and  that 
the  N  dangling  bond  is  an  electrically  active  point  defect 

260  Impact  Ionization  and  Positive  Charges  in  SiO,:  D.  J  Di- 

Maria.'  D  Arnold,  and  E.  Cartier,  IBM  Research  Div..  T.J. 
Watson  Research  Center,  Yorktown  Heights.  NY  10598 

Impact  ionization  and  positive  charge  formation  in  silicon 
dioxicle  have  been  controversial  issues  for  many  years.  In  this 
study,  bandgap  ionization  due  to  the  development  of  a  high  energy 
tail  on  the  hot-electron  energy-distribution  is  shown  to  occur  in 
films  thicker  than  20  0  nm  at  fields  higher  than  8  MV/cm.  Ibis 


process  is  demonstrated  to  account  for  hole  currents  in  the  sub¬ 
strate  circuit  of  n-channel  FETs  and  for  the  observation  of  posi¬ 
tively  trapped-charges  accumulating  at  the  silicon-silicon  dioxide 
interlace  at  low  injected-carrier- fluencies  (less  than  0,01  C/cm'). 

261  Hot-Electron  Dynamics  in  SiOt  Studied  by  Photo-Induced 
Electron  Transmission  Through  Thin  Films:  E.  Cartier, 

E.  A.  Eklund,  D.  Arnold,  D.  J.  DiMaria,  and  F.  R.  McFeely,  IBM 
Research  Div.,  T.J.  Watson  Research  Center,  Yorktown  Heights, 
NY  10598 

Internal  photoemission  in  combination  with  semiclassical 
Monte  Carlo  simulations  was  used  to  measure  energy  dependent 
absolute  electron-phonon  scattering  rates  and  impact  ionization 
rates  in  SiOj  at  electron  energy  from  1  to  20  eV.  At  low  energy,  our 
results  are  consistent  with  the  standard  model  for  electron- 
phonon  interaction.  At  high  energies,  strong  deviations  from  this 
mode)  are  observed.  Using  the  measured  rates  as  empirical  param¬ 
eters,  we  are  able  to  quantitatively  explain  hole  generation  in  n- 
channel  MOSFETs. 

262  Constant  Current  Stress  Breakdown  in  Ultrathin  SiOj 
Films:  T.  Kubota  (Permanent  address:  NEC  Corp.,  1120 

Shimokuzawa,  Sagamihara,  Kanagawa  229,  Japan),  P.  Apte  and 
K.  C.  Saraswat,  Center  for  Integrated  Systems,  Staiiford  Univer¬ 
sity,  Stanford,  CA  94305 

We  have  characterized  the  charge-to-breakdown  (Qbd)  in  ultra- 
thin  oxides  as  a  function  of  stress  current  density  (J„,),  oxide 
thickness  and  temperature,  using  constant  current  stress  Qm  de¬ 
creases  with  increasing  J„  for  different  oxide  thicknesses  and  the 
differences  in  the  slope  for  each  thickness  are  indicative  of  differ¬ 
ent  breakdown  mechanisms.  Qm  is  also  seen  to  decrease  with  tem¬ 
perature  and  thickness  for  a  fixed  J„.  We  ej^lain  these  trends 
qualitatively  in  a  self-consistent  manner  utilizing  existing  models 
and  some  new  concepts. 

263  Radiation-Induced  Interface  Traps  in  MOS  Devices:  N.  S. 

Saks  and  D.  B.  Brown,  Naval  Research  Laboratory,  Wash¬ 
ington,  DC  20375 

Creation  of  interface  traps  in  MOS  devices  has  been  studied  as 
a  function  of  time  following  a  short  irradiation  pulse.  Measure¬ 
ments  have  been  made  as  a  function  of  oxide  field,  oxide  thick¬ 
ness,  and  other  variables,  A  new  model  based  on  dispersive  H' 
transport  has  also  been  developed.  We  find  excellent  qualitative 
and  quantitative  agreement  between  the  data  and  this  H’  model. 

264  Hydrogen  Related  E'  Centers  and  Positive  Charge  In  Irra¬ 
diated  Oxide  Films:  M.  E.  Zvanut,"  R.  E.  Stahlbush,  W.  E. 

Carlos,  and  H.  L.  Hughes,  Naval  Research  Laboratory’,  Washing¬ 
ton,  DC  20375 

Electron  paramagnetic  resonance  and  capacitance-voltage  re¬ 
sults  indicate  that  oxygen  vacancy  related  defects  (E  )  in  hydro¬ 
gen-treated  oxide  films  occur  in  concentrations  ten  times  that 
found  in  nonhydrogen  treated  films  and,  unlike  their  counterparts 
in  nonhydrogen  treated  films,  they  are  not  associated  with  an  in¬ 
crease  in  irradiation-induced  positive  charge.  We  deduce  that  this 
hydrogen-related  E  type  oxicle  defect  is  formed  from  an  SiH  pre¬ 
cursor  rather  than  from  a  standard  oxygen  vacancy  precursor. 

'NRC/NRL  Postdoctoral  Research  /Ssociate. 

265  Molecular  Orbital  Studies  of  Oxygen-Related  Hole  Traps 
and  of  Their  Interactions  with  Hydrogen  Atoms  and 

Molecules:  A.  H.  Edwards,  Dept,  of  Electrical  Engineering,  UNC- 
Charlotte,  Charlotte,  NC  28223 

We  report  recent  theoretical  studies  of  several  models  for  de¬ 
fects  that  could  transform  dissolved  Hj  into  H*.  The  models  con¬ 
sidered  are  the  E'  center,  the  nonbridging  oxygen  hole  center,  the 
self-trapped  hole,  and  two  new  variants  we  call  the  strained-bond 
and  broken-bond  self-trapped  hole.  Based  on  the  calculated  ener¬ 
gies  of  reaction  and  activation  energies,  the  most  likely  candidates 
are  the  last  two.  For  the  STH  defects,  the  activation  energy  for  Hj 
dissociation  is  a  function  of  local  network  strain  and  is  in  a  range 
of  0.6  to  1.1  eV.  Our  calculation  of  the  self-trapped  hole  agrees 
very  well  with  Griscom’s  '’Si  hyperfine  results  for  STHl.  We  dis¬ 
cuss  the  variation  of  these  parameters  with  network  strain. 

266  Removal  of  Traps  in  Process-Damaged  MOS  Structures  by 
Room-Temperature  Hydrogenation:  5.  Kar,  Dept,  of  Elec¬ 
trical  Engineering,  Indian  Institute  of  Technology,  Kanpur- 
208016,  India 

The  aim  of  this  investigation  was  to  examine  the  efficacy  of 
room  temperature  hydrogenation  [by  a  400  eV  hydrogen  beam 
from  a  Kaufman  source)  in  the  removal  of  electronic  defects  in 
SiO,.  at  the  Si-SiO,  interface,  and  the  Si  sub-surface  by  exposure 
to  a  beam  of  16  keV  Si  ions.  Upon  hydrogenation,  profound 
changes  were  observed  in  the  trap  parameters  as  well  as  in  the  ad¬ 
mittance  characteristics  of  the  MOS  structures.  There  was  signifi¬ 
cant  decrease  in  the  trap  density  and  the  oxide  leakage  current. 

267  Hot-Electron  Induced  Hydrogen  Redistribution  in  SiO,: 

D.  A.  Buchanan,  IBM  East  Fishkill,  Hopewell  Junction,  NY 
12533,  A.  Marwick,  IBM  T.J.  Watson  Research  Center,  Yorktown 
Heights,  NY  10598,  L.  Dori,  C.N.R.-Lamel-Institute,  Bologna, 
Italy,  D.  V.  DiMaria,  IBM  T.J.  Watson  Research  Center,  Yorktown 
Heights,  NY  10598 

Hot  electron  induced  hydrogen  redist-ibution  in  Al-gate  MOS 
capacitors  has  been  observed  using  elect,  on  injection  by  internal 
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photo-emission  together  with  hydrogen  concentration  profiling  by 
ion  beam  nuclear  reaction  analysis.  After  injection,  the  hydrogen 

rofile  was  measured  with  the  gate  in  place.  Initially,  most  of  the 

ydrogen  in  the  capacitors,  ~2  x  10'*  H/cm*,  was  found  to  be  at  the 
.AJ/SiOa  interface,  probably  as  a  result  of  water  contamination  of 
the  SiOj.  After  injection,  this  peak  was  reduced  in  size,  while  de¬ 
pending  on  the  injection  dose  and  the  polarity  of  the  bias  a  sub¬ 
stantial  buildup  of  hydrogen  at  the  Si/SiOj  interface  was  ob¬ 
served.  This  was  found  to  increase  with  electron  fluence,  reaching 
-2  X  10'*  H/cm*  at  a  fluence  of  5  C/cm*  under  negative  bias.  Clear 
evidence  was  obtained  for  slow  H  diffusion  into  the  SiO,  layer 
from  the  Al/SiOj  interface  under  positive  gate  bias.  However  for 
moderate  fluences  the  hydrogen  concentration  in  the  hulk  of  the 
Si02  changed  only  slightly  as  the  interface  peak  grew.  These  re¬ 
sults  show  that  hydrogen  at  the  Al/SiOj  interface  acts  as  a  source 
for  the  hot  electron  induced  redistribution,  Tbey  are  discussed  in 
terms  of  current  models  of  hot  electron  induced  defect  generation. 

268  Hi  Cracking  in  Irradiated  MOSFETs  and  H*  Formation: 

R.  E.  Stahlbush,  Naval  Research  Laboratoiy,  Washington, 
DC  20375  and  A.  H.  Edwards,  University  of  North  Carolina,  Char¬ 
lotte,  NC  28223 

Molecular  hydrogen  introduced  into  irradiated  MOSFETs 
causes  the  buildup  of  interface  states  and  decrease  of  trapped  pos¬ 
itive  charge.  Results  are  explained  by  the  sequence  in  H2  is 
cracked  to  form  H',  and  H*  causes  interface  state  creation.  New 
molecular  orbital  calculations  model  the  cracking  process.  Com¬ 
paring  cracking  by  E'  centers  and  broken  Si-O  bonds,  the  latter  is 
more  likely.  It  is  also  argued  that  H’  is  a  small  polaron. 

X>NT  GENERAL  SESSION 
Electronics/Dieledric  Science  and  Technology 

269  Suppression  of  WSi.  Peeling  in  0,8  p  BiCMOS  Technology; 

B.  L.  Mantha  and  C.  S.  Wang,  VLSI  Technology  Inc  ,  San 
Jose,  California  95131 

Tungsten  silicide  on  top  of  arsenic-implanted  polysilicon  has 
been  employed  in  a  0.8  p  BiCMOS  technology  to  serve  as  a  gate 
material  for  MOS  transistors,  and  as  emitters  for  bipolar  transis¬ 
tors  We  have  observed  peeling  of  the  tungsten  silicide  film  after 
contact  reflow  Dependence  of  tungsten  silicide  peeling  on  arsenic 
implant  dose  and  anneals  before  contact  reflow  has  also  been 
studied  We  found  that  it  is  safe  to  use  up  to  1.2E16/cm*  arsenic 
implant  dose  without  peeling  if  an  anneal  step  is  included  before 
reflow.  An  anneal  step  at  950'  C  for  60  min  in  nitrogen  is  required 
to  completely  suppress  tungsten  silicide  peeling. 

270  Characterization  of  WSi,  Films  Deposited  by  Dichlorosi- 
lane  Reduction  Process  for  MOS  VLSI;  A.  Ookawa,  Semi¬ 
conductor  Design  and  Development  Center.  Hitachi,  Ltd  ,  111 
Nishiyokote-Machi.  Takasaki-shi.  Gunma-ken  370,  Japan, 
S  Moribe,  S  Marita,  and  A.  Koike,  Hitachi.  Ltd.,  5-20-1  Josuinon- 
cho,  Kodalra-shi,  Tokyo  187.  Japan' 

A  new  LP-CVD  technique  for  WSi,  deposition  using 
dichlorosilane  in  a  cold  wall  system  was  developed.  Film  proper¬ 
ties  such  as  adhesion,  resistivity,  density,  and  thermal  stability 
were  studied  These  films  characterized  better  adhesion  and  ther¬ 
mal  stability  due  to  the  stable  as-deposited  crystal  structure.  The 
ratio  of  the  sheet  resistance  on  a  memory  cell  pattern  (with  many 
steps)  and  on  a  planar  pattern  (no  steps)  was  lower  than  that  in  the 
case  of  the  conventional  monosilane-reduction  CVD  WSi,. 

271  Effect  of  Underlying  TiW  Thickness  on  the  Electromigra¬ 
tion  of  Vias:  D.  Pramanik  and  V.  Jain,  VLSI  Technology 

Inc  .  San  Jose,  CA  95131 

The  effect  on  the  reliability  and  electrical  parameters  of  a 
double  metal  circuit,  due  to  a  TiW  layer  deposited  under  the  AI- 
1  %  Cu,  compnsing  the  second  level  of  interconnect  metal  has  been 
studied  as  a  function  of  the  thickness  of  the  TiW  Metal  line  resis¬ 
tances  were  not  affected  but  the  resistance  of  the  vias  increased 
with  increasing  TiW  thickness  due  to  degradation  of  the  alu¬ 
minum  step  coverage  in  the  vias  At  the  same  time  the  electromi¬ 
gration  of  the  vias  improved  dramatically  with  increasing  TiW 
thickness  The  optimum  thickness  for  the  TiW  which  gives  accept¬ 
able  via  resistance  and  enhanced  reliability  is  200  nm 

272  Micmtructure  Control  and  Thermal  Stability  of  Titanium 
Silicide;  R  W  Mann  and  C.  Racine,  IBM  General  Technolo¬ 
gy  Div  .  Essex  Junction,  VT  05452 

Understanding  factors  governing  the  thermal  stability  of  thin 
film  titanium  silicide  is  essential  to  the  extendability  of  this  mate¬ 
rial  for  sub-half-micron  VLSI  technologit-s.  It  is  demonstrated 
that  the  silicide  microstructure  can  be  an  important  variable  in 
determining  the  thermal  stability  of  titanium  silicide.  Using  high¬ 
er  formation  temperature  and/or  a  silicon  implant  through  the  ti¬ 
tanium  film  are  explored  as  methods  to  tailor  the  silicide  mi¬ 
crostructure  and  improve  the  thermal  stability  of  the  low  resist¬ 
ance  C54  (oF24)  pha.se  film 

273  The  Direct  Observation  of  Atom  Column  Defects  in  MoSi, 

and  WSi,:  K  M.  Pollack  and  P.  Fraundorf,  University  of 
Missouri  at  St  Louis.  St  Louis.  MO  63121,  D  S  Schwartz,  Mc¬ 
Donnell  Douglas  Research  Laboratories,  St  Louis,  MO  63166, 
T  C  Bryant.  Micron  Technologies.  Boise,  ID  83706-9698 


Molybdenum  and  tungsten  disilicides  show  promise  as  a  com¬ 
plement  to  polysilicon  in  VLSI  gate  electrode  and  interconnect  ap¬ 
plications,  and  in  high  temperature  structural  alloy  applications 
as  well.  We  show  here,  theoretically  and  experimentally,  that  the 
lattice  of  these  structures  down  their  tetragonal  <100>  direction 
consists  of  monatomic  columns  sufficiently  separated  to  be  resolv¬ 
able  in  <0.2  nm-resolution  HREM  images.  HREM  imaging  of  poly- 
crysalline  Mo  or  W  disilicide  VLSI  structures  may  thus  prove  effi¬ 
cient  for  getting  atom-scale  information  on  grain  interconnects. 

274  Poly-Void  Formation  in  Poly  Buffer  LOCOS  Process:  H.  S. 

Yang,  C.  S.  Han,  W.  G.  Lee,  K.  M.  Lee,  H.  S.  Park,  and  K.  H. 
Oh,  Semiconductor  R  &  D  Center,  HYUNDAI  Electronics  Ind.  Co., 
Ltd.,  Ichon-kun,  Kyoungki-do,  467-860,  Korea 

This  paper  describes  etch  pits  or  poly-voids  which  have  been 
observed  in  the  poly  layer  using  SEM  and  TEM  right  after  the  ni¬ 
tride  strip  step  for  poly  buffer  LOCOS  process  of  uie  semiconduc¬ 
tor  IC  fabrication.  Various  process  parameters  have  been  exam¬ 
ined  to  find  the  causes  of  the  poly-void  formation.  In  this  study,  it 
may  be  concluded  that  the  poly-void  formation  is  quite  closely  re¬ 
lated  to  the  oxidation-induced  stress,  grain  boundaries  of  the 
polysilicon  layer,  and  field  oxidation  temperature. 

275  Influence  of  Field  Isolation  Stress  on  Gate  Oxide  Reliabil¬ 
ity:  K.  Shiozaki,  K.  Shimanoe,  K.  Kato,  and  J.  Nakano,  ME 

Div.,  Toyota  Motor  Corp.,  456,  Kirigahora,  Nishihlrose-cho,  Toy- 
ota-shi,  Aichi  471-03,  Japan 

Reliability  of  the  gate  oxide  with  the  field  isolation  edge  was 
investigated.  It  was  found  that  the  degradation  of  the  gate  oxide  is 
strongly  associated  with  the  stress  of  isolation  edge.  And  the  stress 
can  be  controlled  with  the  processing  conation.  The  stress  at  the 
isolation  edge  is  an  important  indicator  to  evaluate  gate  oxide  re¬ 
liability.  The  stress  control  at  field  isolation  edge  promises  a  high¬ 
ly  reliable  gate  oxide  in  future  LSIs. 

276  A  Comparison  of  Interstitial  Oxygen  Calculated  by  Differ¬ 
ent  Techniques:  J.  W.  Medemach  and  J.  O.  Stevenson,  San- 

dia  National  Laboratories,  Albuquerque,  NM  87185-5800 

A  FORTRAN  software  package  was  developed  to  provide  an 
estimate  of  interstitial  oxygen  (O,)  from  FTIR  absorption  in  silicon 
by  three  separate  methodis.  We  report  on  a  comparison  of  calcula¬ 
tion  methods,  which  include  the  ASTM  standard  test  FI  188-88, 
the  short  baseline  (SBL)  and  the  curve  baseline  (CBL)  method. 
Reproducible  O,  results  are  obtained  for  the  SBL  and  CBL  tech- 
niques.  although  the  CBL  values  are  systematically  lower.  A 
FTIR-SIMS  calibration  is  given  for  both  lightly  and  heavily  doped 
silicon,  where  selective  electrochemical  thinning  was  used  to  en¬ 
able  the  FTIR  absorption  measurements. 

277  The  Warpage  of  As-Received  and  Oxygen  Precipitated  CZ 
Silicon  Wamrs:  J.  Jeong  and  H.-D.  Chiou,  Discrete  and  Ma¬ 
terials  Tech.  Group,  Motorola  Inc.,  Phoenix,  AZ  85008 

Various  types  of  as-received  and  CMOS  thermal  processed 
100  mm  diam  wafers  were  used  for  warpage  study  under  different 
furnace  operations.  The  results  indicate  that  as-received  wafers 
showed  very  little  increase  in  bow  and  warp  up  to  lOOO’C  furnace 
temperature  and  24  in./rain  insertion  rate.  For  the  CMOS  thermal 
processed  wafers,  both  the  prior  amount  of  oxygen  precipitation 
and  the  bulk  microdefect  morphology  affect  warpage. 

278  Modeling  of  Phosphorus  Precipitation;  S.  Dunham,  Boston 
University,  Boston,  MA  02215 

The  deactivation  of  dopants  at  high  concentrations  can  be  ac¬ 
counted  for  by  considering  aggregation  of  the  dopant  into  precipi¬ 
tates.  In  this  work,  we  modelphosphorus  precipitation  as  a  func¬ 
tion  of  time  and  temperature  by  simulating  the  evolution  of  the 
distribution  of  precipitate  sizes  using  discrete  rate  equations  and 
the  Fokker-Planck  equation.  We  compare  the  results  to  observa¬ 
tions  of  dopant  deactivation  of  laser-annealed  implants  in  the 
temperature  range  300-1000'C  as  measured  by  Nobili  and  co- 
workers. 

279  Accurate  and  Computationally  Efficient  Modeling  of  BF| 
Implants  into  Single-Crystal  Silicon:  S.  J.  Morris,  V.  Do, 

P.  Gupta,  S.-H.  Yang,  C.  Park,  K.  M.  Klein,  and  A.  F.  Tasch,  Mi¬ 
croelectronics  Research  Center,  The  University  of  Texas,  Austin, 
Texas  78712,  R.  B.  Simonton,  Eaton  Corp.,  Austin,  TX  78758,  G.  E. 
Lux,  Charles  Evans  and  Assoc.,  Redwotm  City,  CA  94063 

We  have  developed  a  new  model  for  accurate  and  comprehen¬ 
sive  simulation  of  BF2  implants  into  single-crystal  silicon.  This 
model  simulates  the  boron  concentration  profiles  resulting  from 
BF2  implants  in  silicon,  and  it  takes  into  account  the  effects  of  tilt 
and  rotation  angles  as  well  as  the  effects  of  implant  energy  and 
dose  The  model  covers  the  following  ranges  of  implant  conditions: 
energies  of  15-65  keV,  doses  of  1  x  10'*cm  *-l  x  10'*  cm  *,  tilt  an¬ 
gles  of  0‘-10',  and  rotation  angles  of  0‘-360'.  This  model  can  be 
easily  implemented  into  existing  process  simulation  codes  such  as 
SUPREM 

289  Investigation  of  Ion-Surface  Interaction  in  Ar  Plasma 
Etching  of  Si  and  PECVD  of  SiOi  Film  by  High-Frequency 
C-V  Method:  C.  Pavelescu,  Stanford  University,  Stafora,  CA 
94305,  J.  P.  MeVittie,  Center  for  Integrated  Systems,  Standford 
University,  Stanford,  CA  94305,  C.  Chang,  Stanford  University. 
Stanford.  CA  94305,  K.  C.  Saraswat,  Center  for  Integrated  Sys- 
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terns,  Stanford  University,  Stanford,  CA  94305,  and  J.  Y.  Leong, 
Applied  Materials,  CVD  Piquet  Div.,  Santa  Clara,  CA  95054 

The  behavior  of  HF  C-V  curves  of  Al-CVD  Si02-Si  MOS  capac¬ 
itors  prepared  by  PECVD  (TEOS-Oz)  and  medium  pressure  CVD 
(TEOS-Oj)  vs.  processing  parameters  was  interpreted  in  terms  of 
changes  induct  at  Si-SiO,  interface  due  to  native  oxide  growth 
and  ion-surface  interaction  involved  in  Ar  plasma  clean  of  Si 
wafers  and  in  initial  stage  of  PECVD  SiOj  deposition  process.  Ion 
implantation  in  silicon  substrate  at  low  energy  of  O,  C,  and  H 
atoms  (originating  from  TEOS-O,  plasma)  and  of  Ar  atoms  (from 
At  plasma)  was  considered  responsible  for  the  increase  of  positive 
fixed  charge  at  Si-SiO-^  interface. 

281  Trace  Moisture  Analysis  in  Monosilane-Hydrogen  Mixtures 
at  Atmospheric  Prirasure  and  Ion-Molecule  Reactions: 

T.  Irie,  S.  Hjima,  and  Y.  Mitsui,  Central  Research  Laboratory,  Hi¬ 
tachi,  Ltd.,  Kokubunji,  Tokyo  185,  Japan 

Atmospheric  pressure  ionization  mass  spectrometer  has  been 
used  for  analyzing  trace  moisture  contained  in  gaseous  mixtures  of 
monosilane  and  hydrogen  for  semiconductor  fabrication  process¬ 
es.  Trace  moisture  can  be  evaluated  from  the  intensities  of  cluster 
ions,  such  as  SiHjHzO  and  SiHjfHjO),,  at  several  percent  of 
monosilane  concentrations.  SiHjH^O  may  result  from  Si^H,*  react¬ 
ing  with  H2O  through  proton-transfer  and/or  switching  processes, 
where  collisional  stabilization  plays  an  important  role. 

282  Chemical  Foundations  in  Understanding  the  Step  Coverage 
Problem  in  CVD  Using  the  Silane  Chemistry:  C.  Pavelescu 

and  K.  C.  Saraswat,  Center  for  Integrated  Systems,  Stanford  Uni¬ 
versity,  Stanford,  CA  94305 

The  correlations  between  the  deposition  kinetics  and  the  step 
coverage  problem  in  CVD  using  the  silane  chemistry  are  investi¬ 
gated.  For  LPCVD  of  polysilicon,  the  near  1  value  of  the  step  cov¬ 
erage  is  consistent  with  a  near  zero  surface  reaction  order  with  re¬ 
spect  to  silane,  which  indicates  the  surface  saturation  with  silicon 
containing  species,  and  a  low  value  of  reaction  probability  (stick¬ 
ing  coefficient),  K,.  is  predicted.  Although  LPCVD  and  PECTVD 
processes  for  SiO;  deposition  in  a  trench  of  dimensions  around 
I  pm  are  characterized  by  a  free  molecular  flow  regime,  while 
APCVD  IS  described  by  a  transitional  flow  regime,  the  step  cover¬ 
age  of  SiO^  thin  films  in  all  these  processes  presents  similar  poor 
values.  This  behavior  can  be  interpreted  in  terms  of  the  surface  re¬ 
action  kinetics  described  by  a  reaction  order  around  0.5  with  re¬ 
spect  to  silane,  which  suggests  that  the  film  surface  is  not  saturat¬ 
ed  with  silicon  containing  species,  and  higher  values  of  K,  are  pre¬ 
dicted  for  these  CVD  processes. 

283  Characterization  of  Band-Pattern  Polishing  Marks  Induced 
during  Waxless/Wax  Polishing  Process  Using  Magic  Mirror 

Method:  K.  H.  Cho  and  H.  Y.  Cho.  Siltron  Inc..  Gumi,  Kyungsang- 
bukdo  730-350.  Korea.  S.  Hahn.  Dept  of  Materials  Science  and 
Engineering.  Stanford  University.  Stanford,  CA  94305,  D.  Feindel 
and  F  Mason.  Zygo  Corp  ,  Middlefield,  CT  06455-0448,  P.  R. 
Blaustein.  Hologenix  Inc..  Torrance,  CA  90503,  K.  W.  Kim.  Dept, 
of  Electronics,  Kvungpook  National  University,  Taegu  702-701, 
Korea 

In  this  study,  we  investigated  various  properties  of  band-pat¬ 
tern  (one  of  the  most  commonly  observed  surface  flaws)  induced 
during  waxless/wax  polishing  process  using  the  magic  mirror 
method  In  order  to  understand  the  origin  of  this  pattern  and  its 
effects  upon  various  physical  properties  of  the  Si  wafer,  total 
thickness  variation  ( ri  V)  mapping  with  automatic  sorter, 
strain/damage  measurement  by  x-ray  double  crystal  rocking  curve 
method,  thermal  wave  modulated  reflectance  measurement  (TW) 
and  photo-acoustic  displacement  measurement  (PAD),  microsur¬ 
face  roughness  measurement  by  laser  surface  interferometry,  and 
electrical  parameter  measurements  such  as  oxide  breakdown 
strength  and  time  dependent  dielectric  breakdown  have  been  per¬ 
formed 

284  Highly  Reliable  Electrostatic  Chucks  Employing  Plasma- 
Sprayed  Aluminum-Oxide  Coating  for  Advanced  Semicon¬ 
ductor  Processing:  H.  Uetake.  K.Morizuka.  and  T  Ohmi.  Dept,  of 
Electronics.  Faculty  of  Engineering,  Tohoku  University,  Sendai 
980,  Japan 

A  highly  reliable  electrostatic  chuck  for  the  advanced  semicon¬ 
ductor  manufacturing  equipment  has  been  developed  by  plasma 
sprayed  aluminum  oxide  coating.  Fabrication  procroure  is  shown. 
Furthermore,  the  stable  attraction  force  in  the  low  temperature 
range  has  been  realized  by  mixing  of  TiOj  to  aluminum  oxide  in 
the  plasma  spray  step,  ^me  fundamental  evaluations  are  de¬ 
scribed.  Excellent  thermal  contact  between  the  wafer  and  the 
wafer  stage,  as  well  as  the  electric  potential  control,  has  been  es¬ 
tablished  by  applying  the  electrostatic  chuck  developed  here 

285  Investigation  of  Single-Layer  p-SnS:M  and  Double  Layer 
p-SnS:M/n-MS:Sn  (M  a  Zn  or  Cd)-Based  Photoconductive 

Cells  Produced  by  a  Combined  Cbemical  Bath  Deposition/Ion  Ex¬ 
change  Process:  R  Engelken,  C.  Brinkley,  L.  N.  Chang,  and  L.  Yu. 
Dept,  of  Engineering.  Arkansas  State  University.  State  Univer¬ 
sity,  AR  72467 

We  report  investigation  of  photoconductive  cells  sensitive  to 
the  entire  visible  spectrum  and  comprising  a  p-SnS:M  layer  or  a 
p-SnS:M/n-MS:Sn  (M  =  Zn  or  Cd)  bilayer  deposited  between  two 
intertwined  comb-like  copper  contacts  on  fibergla.ss.  The  semicon¬ 


ductor  is  formed  by  chemical-precipitation  depcffiition  of  ZnS  or 
CdS  via  thiourea-metal  salt  baths  followed  by  immersion  in  an 
etlwlene  glycol  bath  of  SnCL.  The  Sn(II)  ion  exchanges  with  the 
M(n)  lattice  cation  and  forms  a  partial  or  complete  (depending  on 
immersion  time)  SnS  layer  containing  residual  Zn  or  Cd  which 
fills  tin  vacancies  and  reduces  the  native  p-nature  of  the  SnS.  The 
cells  offer  effective,  low  cost,  minimally  toxic  detection  of  the  en¬ 
tire  visible  spectrum  and  an  alternative  to  PbS  and  CdS  whose 
performance  is  less  than  optimum  in  the  near  infrared,  red,  and 
orange  portion  of  the  spectrum. 

286  Mix-Cation  Oxide  Powders  via  Resin  Intermediates  De¬ 
rived  from  Water  Soluble  Polymers:  L.-W.  Tai*  and  H.  U. 

Anderson,  Ceramic  Engineering  Dept.,  University  of  Missouri- 
RoUa,  RoUa,  MO  65401 

Polymeric  sjmthesis  of  mix-cation  oxides  via  a  liquid-mix  (LM) 
process  is  described.  Two  types  of  polymeric  gels  have  been  devel¬ 
oped  to  form  fluffy  resin  intermediates  which  were  calcined  to 
form  oxides  powders  at  relatively  low  temperatures.  In  addition  to 
an  optimized  precursor  made  of  critic  acid  and  ethylene  glycol,  a 
new  water-soluble  polymer  prepared  from  starch  derivatives  was 
utilized  in  LM  process.  Lai.;jSrjCoi.jFei,03*  and  others  were  pre¬ 
pared  having  a  single  phase,  fine  particles,  soft  agglomerates,  and 
thus  a  superior  sinterability. 

287  A  Novel  Evaluation  Technique  of  Carrier  Concentration  by 
Noncontact  Eddy  Current  Measurement:  S.  Washizuka, 

Semiconductor  Material  Engineering  Dept.,  Toshiba  Corp.,  72, 
Horikawacho,  Saiwai-ku,  Kawasaki,  Kanagawa,  210,  Japan, 
y.  Yoneda,  A.  Watanabe,  and  T.  Ohta,  ULSI  Process  and  Material 
Laboratory,  Toshiba  Microelectronics  Corp.,  25-1,  Ekimaehoncho 
Kawasaki-ku,  Kawasaki,  Kanagawa,  210,  Japan 

A  novel  evaluation  technique  of  III-V  semiconductor  materials, 
such  as  GaP,  GaAs,  has  been  attained  using  a  newly  developed 
noncontact  wafer  carrier  concentration  inspection  system  by  eddy 
current  measurement.  The  validity  of  this  system  is  demonstrated 
in  comparison  with  van  der  Pauw  method  for  wafers  with  carrier 
concentration  over  the  range  of  10'*  to  10”  cm  ’.  The  correlation 
factor  is  0.99  and  the  discrepancy  between  the  two  is  the  maxi¬ 
mum  limit  within  ±7%.  This  technique  is  accurate  enough  for 
practical  usage  in  production  line. 

288  ZrOj-CeO:  Spherical  Powders  Prepared  by  Sol-Gel  Pro¬ 
cess:  Synthesis,  Sintering,  and  Characterization:  F.  Croce 

and  M.  Carewska,  Dept,  of  Chemistry,  University  of  Rome  “La 
Sapienza,"  P.  le  A.  Moro,  5-00185  Rome,  Italy,  A.  Deptula,  Insti¬ 
tute  of  Nuclear  Chemistry  and  Technology,  Dept,  of  Structural 
Research,  Sol-Gel  Lab.,  Dorodna  16-03-195  Warszawa,  Poland 
The  IChTJ“'  Sol-Gel  process  has  been  utilized  to  prepare 
spherical  powders  of  zirconia-ceria  hydroxide-gels  (with  mean  di¬ 
ameter  less  than  100  pm).  Some  preparations  were  stabilized  with 
nitrate  or  chloride.  The  resulting  amorphous  powders  were  cal¬ 
cined  at  400,  600.  and  800’C  in  order  to  obtain  the  crystalline 
forms,  and  subsequently  pressed  at  various  pressures.  The  so  ob¬ 
tained  compact  greens  were  sintered  for  8  h  at  1700'C.  The  sin¬ 
tered  pellets  had  relatively  high  geometric  density  (in  many  cases 
>95%  of  the  theoretical  density  -t.d.)  and  showed  both  tetragonal 
and/or  cubic  x-ray  phases.  The  density  values  of  these  ceria  doped 
zirconia  samples  are  much  higher  than  those  obtained  for  the  CaO 
or  Y2O3  doped  zirconia  samples  prepared  by  the  same  process.  This 
probably  happens  through  the  agency  of  the  cerium  rMuction  due 
to  the  carbonic  impurities  in  the  gels  and  the  subsequent  high 
temperature  reoxidation  by  the  air  oxygen. 

289  A  Characterization  of  the  Effect  of  Deposition  Tem|wra- 
ture  on  Polysilicon  Properties:  Morphology,  Dopability, 

Etchability,  and  Polycide  Properties:  E.  Ibok  and  Shyam  Garg, 
Advanced  Micro  Devices.  Inc.,  Austin,  TX  78741 

Low  pressure  chemical  vapor  deposition  polysilicon  deposition 
was  studied  from  525  to  650'C.  The  poly  appears  to  be  amorphous 
with  a  smooth  surface  to  550"C  and  completely  crystalline  above 
600‘C.  The  transition  region  is  from  560  to  590‘C.  TTie  smooth  sur¬ 
face  moiphology  is  preserved  after  POCI3  doping  and  a  lOOO'C  ox¬ 
idation.  However,  an  in  situ  anneal  of  amorphous  silicon  at  610‘C 
results  in  large,  coarse  crystals  with  rough  surface  morphology. 
The  smooth  morphology  of  the  550'C  silicon  is  transmitted 
through  subsequent  polycide  structure  layers.  The  deposition  tem¬ 
perature  is  found  to  affect  poly  etch  rate  and  resistivity.  A  mecha¬ 
nism  is  proposed. 

290  Effect  of  Back-Surface  Polycrystalline  Silicon  Layer  on 
Oxygen  Precipitation  in  CZ  Silicon  Wafer  M.  Kadoi,  Mit¬ 
subishi  Materials  Silicon  Co.  Ltd.,  314  Kaneuchi,  Nishisangao. 
Noda,  Chiba  278.  Japan,  H.  Furuya  and  T.  Shingyouji,  Central  Re¬ 
search  Institute,  Mitsubishi  Materials  Corp.,  1-297  Kitabukuro, 
Omiya.  Saitama  330,  Japan,  Y.  Shimanuki,  Mitsubishi  Materials 
Silicon  Co.  Ltd.,  314  Kaneuchi,  Nishisangao,  Noda,  Chiba  278. 
Japan 

We  have  investigated  the  formation  of  oxygen  precipitates  in 
CZ  silicon  wafers  covered  by  polyciystalline  silicon  (polj^ilicon) 
film.  We  examined  the  size  and  densities  of  o^gen  precipitates  in 
the  wafers  annealed  at  various  conditions.  Tne  result  indicated 
that  the  oxygen  precipitation  was  enhanced  in  the  r^on  near  the 
back  side  of  the  wafer,  but  the  size  of  oxygen  precipitates  in  the 
back-side  region  was  not  different  from  that  in  the  other  region. 
The  result  alw)  indicated  that  the  nucleation  near  the  back  side 
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would  not  have  occurred  during  annealing  for  oxygen  precipita¬ 
tion.  From  these  results,  it  was  assumed  that  the  strain  field  in¬ 
duced  by  polysilicon  film  would  affect  the  stability  of  nuclei  exist¬ 
ing  in  the  wafers. 

291  HfN/Hf.O,N.  Thin  Films  by  LPCVD:  C.  Orfescu,  A.  J.  For- 
tini,  R.  La  Ferla,  A.  J.  Sherman,  and  E.  H.  Liu,  Ultramet, 

Pacoima,  CA  91331 

A  low-pressure  chemical  vapor  deposition  (LPCVD)  process 
was  developed  for  depositing  thin  films  of  hafnium  nitride/ 
hafnium  oxynitride  (HtN/Hf^O-Nj),  based  on  the  overall  reaction 
(HfCL  +  NHj  +  1/2  Hi  HfN  +  4HC1).  A  total  of  24  experiments 
were  performed  to  deposit  HfN/Hfj.O„N,  layers  onto  graphite  sub¬ 
strates  in  a  LPCVD  reactor,  and  the  effects  of  deposition  tempera¬ 
ture  on  microstructure,  composition,  and  microhardness  were 
evaluated.  HfN/Hfj.O|,Nj  crystals  tended  to  grow  in  a  columnar 
manner,  although  deposits  made  at  higher  temperatures  were  fine¬ 
grained.  X-ray  diffraction  (XRD)  measurements  showed  Hfj.O,Ni 
to  be  the  major  phase  at  1050  and  1200‘C,  and  HfN  the  major 
phase  at  1350'C.  Vickers  microhardness  values  were  measured  at 
1600  kg/mm^  for  the  materials  deposited  at  1050  and  1200*C,  and 
2000  kg/mm-  at  1350'C. 

292  Damage  and  Its  Rapid  Thermal  Annealing  Kinetics  in  Ar* 
Ion  Implanted  CZ  Silicon:  Y.-K.  Kwon,  K.-l.  Kim,  Y.-H. 

Bae,  and  W.-J.  Chung,  Semiconductor  Research  Laboratory,  RIST, 
Pohang  790-600  Korea,  E.  K.  McIntyre,  Jr.,  Semiconductor  Equip¬ 
ment  Div..  Eaton  Corp. ,  Beverly ,  MA  01915,  T.  Hara,  H.  Hagiwara, 
and  H.  Sueuki,  Dept,  of  Electrical  Engineering,  Hosei  University, 
Kajinocho,  Koganei,  Tokyo  184,  Japan,  W.  L.  Smith,  Therma- 
Wave.  Inc.,  Fremont,  CA  94539,  S,  Hahn,  Dept,  of  Materials  Sci¬ 
ence  and  Engineering,  Stanford  University,  Stanford,  CA  94305, 
L  Larson,  Sematech,  Austin,  TX  78741,  C.  B.  Yarling,  fon  Implant 
Services.  Sunnvvale,  CA  94086,  and  R.  Metnecke,  AG  Associates, 
Sunnyvale,  CA  94089 

In  this  study,  damage  induced  by  medium  (100  keV)  and  high 
1 1  MeV)  ener®'  Ai~  ion  implantation  and  its  annealing  behavior 
during  rapid  thermal  annealing  for  10  3  at  temperatures  between 
575  and  1  lOO'C  were  investigated  by  thermal  wave  modulated  op¬ 
tical  reflectance,  deep  level  transient  spectroscopy,  reflection  high 
energy  electron  diffraction,  Rutherford  backscattering  aligned 
spectra  and  transmission  electron  microscopy  Our  data  show  that; 
(li  thermal  wave  signal  and  its  variation  with  respect  to  rapid 
thermal  anneal  temperature  strongly  depend  upon  implant  dose 
and  anneal  temperature;  (ii)  regardless  of  implant  dose  and  ener¬ 
gy,  four  distinctive  deep  trap  levels  are  induced,  and  (iii)  these 
traps  evolve  during  rapid  thermal  annealing. 

293  Low  Resistance  Molybdenum  Silicide-Molybdenum  Thin 
Films:  S.  Vastle.  Radiation  Monitoring  Devices  Inc.,  Water- 

town.  MA  02172.  D  Nicolaescu,  ICCE,  Bucharest,  Romania  72996 

The  electrical,  optical,  and  plasma  etch  properties  of  460  nm 
molybdenum  silicioe/molybdenum  thin  films,  obtained  by  the 
thermal  reaction  of  vacuum  deposited  silicon  on  molybdenum, 
have  been  reported  The  sheet  resistance  of  900'C  annealed  films 
was  as  low  as  0  40  iJ/square  and  proved  a  good  stability  when 
stored  at  400  C  temperature  under  oxidizing  atmosphere.  The  re¬ 
sistivity  of  the  formed  silicide  was  in  good  agreement  with  that 
obtained  by  Mo-single  crystal  silicon  thermal  reaction.  The  plas¬ 
ma  etch  rate  of  the  silicide  was  about  5  times  lower  than  that  of 
annealed  molybdenum  Plasma  etch  profiling  of  the  silicide/ 
molybdenum  films  showed  a  well-defined  transition  region  from 
silicide  to  molybdenum.  The  formed  70  nm  molybdenum  silicide 
was  transparent  within  visible  optical  range,  and  behaved  as  a 
grsKl  antireflecting  layer  on  molybdenum 
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294  Photoelectruchemical  and  Electrochemical  Polishing  of 

Epi  B-SiC  and  CVD:  R.  D  Rauh,  T.  H.  Nguyen.  M.  M. 
Carrabha.  and  D  Plante,  EIC  Laboratories.  Inc.,  Norwood.  MA 
02062 

The  feasibility  of  using  a  photoelectrochemical  or  electrochem¬ 
ical  priK-ess  to  polish  extremely  hard  n-type  SiC  material  has  been 
evaluated  Statistical  experimental  designs  have  been  used  to 
identify  and  define  the  etching  conditions  which  would  lead  to  a 
supersmooth  SiC  surface  Statistical  analysis  of  the  experimental 
results  show  that  (F  )  concentration,  solution  pH.  and  applied  po¬ 
tential  profoundly  influence  the  morphology  of  the  etchrf  SiC  sur¬ 
face  Extremely  smooth  SiC  surfaces  have  been  obtained  with 
photoelectrochemical  and  electrochemical  polishing  at  a  very  fast 
rate  compared  to  conventional  mechanical  polishing. 

295  Charactcriution  of  Electracatalytically  Active  Ni-Co 
Amorphous  and  Crystalline  Alloys:  K  Lian,  D.  W.  Kirk, 

and  S  J  Thorpe,  Dept  of  Metallurgy  and  Motorola,  Science  and 
Chemical  Engineering  and  Applied  Chemistry.  University  of 
Toronto.  Toronto,  Ont.,  Canada  M53  1A4 

The  electrocatalytic  activity  of  amorphous  and  crystalline 
Ni-Co  alloys  on  the  oxygen  evolution  reaction  (OER)  in  alkaline 
solution  has  been  studim  The  surface  electrochemistry  and  ch^- 
istry  were  investigated  by  means  of  steady-state  potentio.static 


method,  cyclic  voltammetiy,  and  x-ray  photoelectron  spec¬ 
troscopy  (XPS).  The  electrochemically  oxidized  (potential  cycled) 
amorphous  Ni-Co  alloys  showed  an  exceptionally  high  activity 
and  excellent  stability  compared  with  their  crystalline  counter¬ 
arts.  Hydrous  Ni-Co  oxides,  which  are  responsible  to  the  en- 

anced  catalytic  activity,  are  believed  to  be  formed  on  the  surface 
of  amorphous  alloys  via  potential  cycling  process. 

296  Influence  of  Pretreatment  on  the  Unusual  Redox  Behav¬ 
ior  of  Noble  Metal  Electrodes:  L.  D.  Burke,  and  J.  K.  Casey, 

Chemistry  Dept.,  University  College  Cork,  Cork,  Ireland 

The  cyclic  voltammogram  for  polycrystalline  platinum  in 
aqueous  acid  media  is  one  of  the  best  known  features  in  electro¬ 
chemistry.  However,  a  considerably  different,  higMy  reproducible, 
response  for  the  same  system  was  observed  recently  following 
abrasion  and  extensive  potential  cycling.  Results  are  presented  for 
a  similar  investigation  of  gold;  these  observed  novel  redox  transi¬ 
tions  are  of  significant  importance  in  electrocatalytic  processes. 
The  major  factor  influencing  such  transitions  is  the  surface  modi¬ 
fication  induced  by  the  pretreatment. 

297  Catalyst  Layer  and  Interface  Properties  of  Directly  Cat¬ 
alyzed  Polymer  Electrolyte  Membranes:  M.  S.  Wilson, 

T.  A.  Zawodzinski,  T.  E.  Springer,  J.  Valerio  and  S.  Gottesfeld, 
Electronics  Research  Group,  Los  Alamos  National  Laboratory, 
Los  Alamos,  NM  87545 

Low  platinum  loading  thin  film  catalyst  layers  (approximately 
5  pm  thick)  are  applied  directly  to  polmer  electrolyte  membranes. 
Electrode/membrane/electrode  assemblies  for  fuel  cells  are  pre¬ 
pared  using  several  different  catalyst  application  procedures  and 
catalyst  layer  compositions.  A  variety  of  techniques  are  used  to 
characterize  the  thin  film  catalyst  layers.  In  particular,  ionic  and 
electrical  conductivities  and  gas  diffusivities  within  the  catalyst 
films  and  ionic  conductivities  across  the  catalyst  layer/membrane 
interfaces  are  studied. 

298  Chemical  Bath  Deposition  of  Cadmium  Sulfide  Thin 
Films,  In  Situ  Growth  and  Structural  Studies  by  Com¬ 
bined  Quartz  Crystal  Microbalance  and  Impedance  Techniques:  D. 

Lincot  and  R.  Ortega,  Laboratoire  d  Elcctrochimie.  ENSCP,  75231 
Paris  Cedex  05,  France 

Chemical  bath  deposition  (CBD)  of  CdS  layers,  using  the  am¬ 
monia  process,  have  been  studied  for  the  first  time  by  combined 
in  situ  quartz  crystal  microbalance  (QCM)  and  electrochemical  ca¬ 
pacitance  techniques.  An  important  result  is  that  information 
about  the  covering  properties  of  the  film,  its  internal  structure, 
and  the  evolution  during  growth,  have  been  obtained  from  com¬ 
bined  experiments.  The  film  is  show  to  have,  in  general,  a  duplex 
structure,  with  an  inner  compact  layer  (only  measured  by  capaci¬ 
tance)  and  an  outer  porous  layer,  growing  at  longer  reaction  times. 
The  influence  of  the  thiourea’  concentration  is  studied  in  detail.  A 
simple  columnar  growth  model  is  proposed,  which  accounts  well 
for  the  experimental  results  in  the  coalescence  range 

299  Study  of  the  Bandedge  Shifts  of  n-  and  p-type  CuInSei 
Semiconducting  Electrodes  in  Varios  Aqueous  Electrolytes: 

W.  Siripale,  J.  Vedel,  and  D.  Lincot,  Laboratoire  d'Electrochimie. 
ENSCP.  75231  Paris,  France.  D  Caben,  The  Weizmann  Institute  of 
Science.  76100  Rebovot,  Israel. 

Impedance  measurements  were  employed  for  the  in  situ  deter¬ 
mination  of  the  flatband  potential  of  n-  and  p-type  CuInSe,,  elec¬ 
trodes  in  various  aqueous  electrolytes.  It  was  observed  that  the 
flatband  values  could  be  shifted  over  a  considerable  potential 
range  of  about  0.2  to  -0.8  V.  depending  upon  the  nature  of  the 
samples  Also,  it  was  observed  that  the  bandedges  could  be  fixed 
at  intermediate  positions  by  applying  necessary  potentials.  This 
could  open  a  route  for  the  bandedge  position  tailoring. 

300  Highly  Oriented  vt.  Microcrystalline  Thick  Cadmium 
Films  Deposited  on  Polycrystalline  Nickel  from  a  Molten 

Salts  Electrolyte:  R.  R.  Agarwal,  Dept,  of  Chemical  Engineering, 
Illinois  Institute  of  Technology,  Chicago,  IL  60616 

Thick  and  large  highly  oriented  and  microciystalline  cadmium 
films  were  deposited  onto  polycrystalline  nickel  substrates  from  a 
purified  chloroaluminate  melt  under  an  inert  atmosphere  between 
175  and  11 5^.  These  films  were  characterize  under  the 
SEM/EDAX  with  respect  to  their  respective  surface  features.  The 
shift  in  crystal  sizes  in  cadmium  films  was  caused  by  the  phe- 
nomological  solidification  processes  based  on  analysis  of  the 
chemical  mechanism  and  rate  controlling  processes  at  the  experi¬ 
mental  conditions. 

301  Surface  Modification  of  Sintered  Plates  Negative  Elec¬ 
trodes  of  Nickel  Cadmium  Battery:  S.  T.  Salvan, 

R.  Sabapathi,  and  N.  Venkatakrishnan,  Central  Electrochemical 
Researen  Institute,  Battery  Div.,  Karaikudi  623  006  India 

It  is  very  important  to  consider  the  de^dation  mechanism  of 
a  Cd  elective  in  NiCad  since  its  cyclability  is  usually  affected. 
Out  of  the  four  organic  compounds  studied,  the  BTA-created  Cd 
electrode  proves  to  offer  increased  capacity  utilization,  increased 
life,  and  rrouced  deterioration  from  crystal  growth.  After  800  cy¬ 
cles,  it  exhibits  a  fairly  uniform  distribution  of  active  material  so 
as  to  retain  80%  of  its  original  capacity,  whereas  the  control  elec¬ 
trode  retains  only  58% 
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302  Properties  and  Modification  of  Perfluorosulfonic  Acid 
Membrane  Surfaces:  T.  A.  ZauHxizinski  Jr.,  Electronics  Re¬ 
search,  Los  Alamos  National  Laboratory,  Los  Alamos,  NM  87545, 
M.  Shoichet,  Polymer  Science  and  En^eering  Dept.,  University 
of  Massachusetts,  Amherst,  MA  01003,  N.  Hamel  and  G.  Gard, 
Dept,  of  Chemistry,  Portland  State  University,  Portland,  OH 
97202-0751,  T.  J.  McCarthy,  Polymer  Science  and  En^eering 
Dept.,  University  of  Massachusetts,  Amherst,  MA  01003,  S.  Gottes- 
feld.  Electronics  Research,  Los  Alamos  National  Laboratory,  Los 
Alamos,  NM  87545 

Humidification  of  polymer  electrolyte  fuel  cells  is  essential  to 
maintaining  adequate  conductivity  within  the  ionomeric  mem¬ 
brane  and  within  the  polymer/C/Pt  composite  catalyst  layer.  Sec¬ 
tion  of  water  by  the  polymer  is  thus  a  crucial  element  in  achievi^ 
optimal  fuel  cell  performance,  ^alitative  observations  suggest 
that  the  surface  or  these  perfluorinated  membranes  is  hydrc^o- 
bic.  Characterization  of  the  surface  of  several  membranes  by  con¬ 
tact  angle  measiuvments  and  attempted  chemical  modification  for 
enhant^  hydrophilicity  are  described. 


303  In  Situ  Study  of  the  Chemical  Bath  Depasition  Mechanism 
of  Cadmium  Sulfide  Thin  Films  on  Gold  and  Copper  Indi¬ 
um  Diselcnide  SulMtrates:  D.  Lincot,  R.  Ortega,  and  J.  Vedel,  Lab- 
oratoire  d'  Electrochimie,  ENSCP,  75231  Paris  Cedex  05,  France 
Chemical  bath  deposition  of  CdS  layers,  using  the  ammonia 
process,  have  been  studied  for  the  first  time  by  in  situ  quartz  crys¬ 
tal  microbalance  technique.  This  allowed  us  to  monitor  precisely 
the  growth  kinetic  of  the  layer,  especially  in  the  first  steps,  which 
IS  not  possible  with  classical  ex  situ  methods  A  detailed  study  of 
the  inftuence  of  the  reaction  parameters  is  performed  (concentra¬ 
tion  of  precursors,  pH.  temperature  ),  giving  new  insights  for  the 
interpretation  of  the  reaction  mechanism.  The  study  was  also  ear¬ 
ned  out  on  coevaporated  CuInSe.  layers,  in  direct  relation  with  the 
optimization  of  the  deposition  of  the  CdS  buffer  layer  entering  in 
the  structure  of  high  efficiency  CuInSe./CdS/ZnO  cells. 


304  Electrochemical  Vapor  Deposition  of  CeOt  Thin  Film 
Electrolytes  for  Solid  Oxide  Fuel  Cells;  J.  F.  Jue  and  A.  V. 

Vtrkar.  Dept  Materials  Science  and  Engineering.  University  of 
Utah.  Salt  Lake  City,  UT  34 1 12 

Dense  films  of  (ieO:  of  a  thickness  on  the  order  of  50  pm  were 
(abneated  by  electrochemical  vapor  deposition  (EVD)  using  CeCli 
as  the  source  of  cerium.  !■  ilms  were  deposited  on  zirconia  and  ceria 
substrates  at  1200  C  The  kinetics  of  film  growth  were  observed  to 
be  parabolic  in  accord  with  Wagners  oxidation  theory.  The  meas¬ 
ured  rale  constant  of  3  7  x  10  *cm/s  at  1200“C  is  about  five  times 
larger  than  that  reported  for  zirconia  films. 


303  Evaluation  of  Doped  Ceria  with  and  without  Zirconia 
Coaling  (or  Application  in  Low-Temperature  Solid  and 
Oxide  Fuel  Cells:  K  Mehta,  A.  U  Virkar,  Dept  of  Materials  Sci¬ 
ence  and  Engineering.  Universitv  of  Utah.  Salt  Lake  Citv.  UT 
34112 

Y;0, -doped  and  Er.O, -doped  CeO;  solid  electrolytes  with  and 
without  a  thin  (2  pm)  layer  of  zirconia  were  testeu  in  fuel  cell  mode 
over  a  range  of  temperatures  between  600  and  700'C.  Disks  with 
zirconia  coating  exhibited  superior  performance  compared  to  un¬ 
coated  disks  Also,  in  cells  with  improved  electrodes,  most  of  the 
cell  resistance  was  the  electrolyte  resistance  Doped  CeO..  is  a  po¬ 
tential  low  temperature  solid  electrolyte  (or  fuel  cells. 


306  Kinetics  of  the  Cadmium  Electrode  in  Alkaline  Solution: 

S  Tamil  Selvan,  R  Sabapathi.  and  N.  Vertkatakriihnam. 
Central  Electrochemical  Research  Institute.  Battery  Div  ,  Karaiku- 
di  623  006.  India 

The  purpose  of  this  paper  is  to  investigate  the  charge  transfer 
rnwhanism  of  planar  Co  electrode  in  KDH  solution  with  and  with¬ 
out  organic  compounds  The  mechanism  does  not  change  in  the 
presence  of  azole  compounds,  such  as  BTA  and  IDA  A  Nemstian 
Tafel  slope  of  40  ±  3  mV  decade  '  is  obtained  as  a  result  of 
PV A/CMC  addition  to  the  electrolyte.  Furthermore  the  results 
..uggest  that  organic  compound-modified  Cd  surface  is  formed 
which  results  in  enhanced  Kinetics  of  the  Cd/Cd(OH)i  electrode  re¬ 
action 


367  Evaluation  of  Electrodeposited  Elcctrocatalytic  Com¬ 
posite  Metal  Film  Coatings  (or  Cathodic  H|  Evolution  in 
Water  Elcctrolyxers:  B  E  Conway,  R  Simpraga,  R.  Brousaeaa, 
and  f,  Gao.  Dept  of  Chemisirv.  universitv  of  Ottawa.  Ottawa. 
Ont,  Canada  KIN  6N5 

Electrocatalytic  coatings  are  required  for  minimization  of 
overvoltage  and  electric  power  loss  at  electrolyzer  cathodes  in  wa¬ 
ter  electrolyzers,  and  for  cathodes  used  in  the  chlor-alkali  and  Fj 
production  (from  KF  2HF)  processes.  Results  are  reported  for  Ni- 
Mo-Cd.  Ni-W.  and  Ni-V  composite  films  electrodeposited  on  Fe, 
based  on  studies  of  Tafel  polarization  relations  and  particularly  on 
determinations  of  the  coverage  by  the  "overpotential-deposited”  H 
intermediate  involved  in  electrocatalysts  of  the  cathodic  H:  evolu¬ 
tion  process  Inclusion  of  a  complemmt  of  Cd  (1-2  a/o).  codeposit¬ 
ed  with  the  transition  metals,  leads  to  substantial  enhancement  of 
activity,  possibly  due  to  changes  of  microstructure  of  the  deposit 
and/or  electronic  band -structure  changes 
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308  Effects  of  Anisotropy  on  Pattern  Formation  in  Electro¬ 
chemical  Depositioa;  F.  Family  and  K.  C.  B.  Chan,  Dept,  of 
Physics,  Emory  University,  Atlanta,  GA  30322 

We  have  studied  the  enect  of  anisotropy  on  electrochemical  de¬ 
posits  grown  from  solutions  of  copper  sulfate  in  thin  cells.  The  ceU 
consists  of  two  parallel  plates  and  anisotropy  is  introduced  ^  ma¬ 
chining  a  1  mm  square  grid  of  grooves  on  one  of  the  plates.  Tlie  ef¬ 
fects  of  anisobtipy  on  the  growth  are  disetused  and  new  results  for 
the  size  distribution  and  fractal  analysis  of  the  anisotropically 
grown  electrochemical  deposition  patterns  are  presented  and  com¬ 
pared  with  simulations  and  theoiy  of  diffusion-limited  aggrega¬ 
tion  with  anisotropy. 

3M  Interfacial  Dynamics  and  Induced  Convective  Tnmspoit  in 
Eleetrodeposition:  D.  P.  Barkey,  Chemical  Engineering 
Dept.,  University  of  New  Hampshire,  Durham,  NH  03824-3591 
Application  of  pattern-forming  theory  to  eleetrodeposition  is 
reviewed.  The  critical  role  of  intenacial  dynamics  in  velocity  and 
moi^hology  selection  is  emphasized.  Experimental  studies  of  de¬ 
position  from  unsupported  electrolyte  are  reported.  The  presence 
of  induced  convection  at  the  growth  front  is  demonstrated,  and  the 
resulting  concentration  field  is  imaged.  This  spontaneous  convec¬ 
tion  is  snowm  to  be  coupled  to  morphology  development. 

310  Diffusion  to  Patterned  Electrodes;  Y.  Dassas  and  P.  Dttby, 
Henry  Krumb  School  of  Mines,  Columbia  University,  New 

York,  NY  10027 

Diffusion  to  patterned  electrodes  has  been  investigated  by  po¬ 
tential  step  and  current  step  techniques.  We  have  confirmed  the 
findings  of  Pajkossy  and  Nyikos,  i.e.,  the  current  on  an  electrode 
iwith  a  photoresist  coverage  of  fractal  dimension  d  decays  with  the 
-(d-l)/2  power  of  time  during  a  potentiostatic  test.  We  have 
demonstrated  experimentally  tl^t  the  same  relationship  applies  to 
the  current  density  vs.  transition  time  under  galvanostatic  condi¬ 
tions.  We  have  also  observed  a  similar  effect  with  nonfractal  pat¬ 
terned  electrodes. 

311  Electro-Convection  Around  Two-Dimensional  Ramified 
Copper  Aggregates;  V.  Fleury,  J.-N.  Chazalviel,  and  M. 

Rosso,  Laboratoire  de  Physique  de  la  Matifere  Condens^e,  Ecole 
Polytechnique,  9128  Palaiseau,  France 

We  propose  a  model  for  the  electrochemical  deposition  of  ram¬ 
ified  copper  aggregates  from  copper  sulfate,  without  supporting 
electrolyte  in  the  regime  of  fast  growth  (current  density  > 
50  mA/cm-).  This  model  takes  into  account  the  electro-convective 
motion  of  the  fluid.  It  predicts  the  existence  of  a  virtual  interface 
in  the  vicinity  of  the  tips  of  the  deposits.  TTiis  interface  separates  a 
zone  free  of  ions  of  both  kinds  and  a  zone  of  constant  concentra¬ 
tion.  Preliminary  experimental  observations  are  well  accounted 
(or  by  the  model 

312  Electrochemical  Aspects  of  Fractal  Zinc  Eleetrodeposition: 

F  Sagues,  J.  Claret.  L.  Lojxz-Tomas,  J.  Mach,  F.  Mas,  and 
P.  P.  Trigueros.  Dpt.  Quimica  Fisica.  Universitat  de  Barcelona, 
08028  Barcelona.  Spain 

Experiments  on  quasi-two-dimensional  zinc  eleetrodeposition 
have  been  conducted  mainly  with  a  parallel  or  strip  geometry. 
Morphological  changes  have  been  observed  when  varjbng  the  cell 
dimensions  with  pronounced  effects  leading  to  morphological 
transitions  under  high  current  conditions.  In  addition,  the  growth 
probability  distributions  of  the  electrodeposits  have  bwn  comput¬ 
ed  and  analyzed  in  terms  of  multifractal  concepts.  Finally,  the 
generalization  of  classical  Cottrell-like  laws,  to  include  the  fractal 
roughness  of  the  experimental  electrodes,  have  been  also  tested. 

313  Morphology  Transitions  in  Rapid  Eleetrodeposition:  L.  M. 

Sander,  Dept  of  Physics,  The  University  of  Michigan,  Ann 
Arbor.  Ml,  48109-1120 

Electrochemical  deposition  in  extreme  overpotential  condi¬ 
tions  provides  an  opportunity  to  directly  examine  the  correlation 
between  microstructure  and  large-scale  structure  in  a  controlled 
system;  it  is  representative  of  a  large  class  of  interfacial  pattern 
formation  problems.  We  discuss  how  loi^-range  order  can  sponta¬ 
neously  reemerge  as  growth  is  driven  mrther  from  equilibrium. 
We  discuss  both  the  mechanisms  for  this  reordering,  including  the 
discovery  of  a  metastable  crystalline  form  of  zinc. 

314  Columnar  Growth  and  Kinetic  Roughening  in  Electro¬ 
chemical  Deposition:  P.-z.  Wong,  G.  L.  M.  K.  S.  Kahanda, 

X.-g.  Zou,  and  R.  Farrell,  Dept,  of  Physics  and  Astronomy,  Univer¬ 
sity  of  Massachusetts,  Amherst,  MA  01003 

We  report  a  series  of  electrochemical  deposition  experiments  of 
copper  from  CuSOi  solutions  in  a  quasi-two-dimensional  cell. 
They  performed  at  very  slow  rates  (0.1 -0.2  mm/h)  so  that  local 
growth  effects  can  compete  with  the  nonlocal  Laplacian  effects.  In 
the  early  st^e  of  growth,  we  observed  a  behavior  consistent  with 
the  conventional  Mullins-Sekerfca  instability.  This  is  followed  by 
coarsening  and  roughening  of  the  surface  which  lead  to  a  colum¬ 
nar  structure  with  deep  and  narrow  crevices.  The  surface  rough¬ 
ness  for  length  scales  below  the  typical  column  width  may  be  ap¬ 
proximated  by  a  power-law  with  an  exponent  a  *  0.57  ±  0.(15. 
TTiese  results  indicate  that  while  nonlocal  oxiwth  effects  are  more 
dominant  at  long  len^h  scales  and  local  enacts  such  as  stochastic 
noise  controls  the  surface  roughness  at  short  length  scales. 
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315  Evidence  for  a  Kosterlitz-llioulcas  Transition  in  the 
Threshold  Screening  Model:  Critical  Kegion  of  Fractal 

Growth:  J.  H.  Kaufrnan  and  O.  R.  Mclroy,  IBM  Al^den  Research 
Center,  San  Jose,  CA  95120-6099 

We  report  evidence  for  a  Kosterlitz-Thouless  transition  in  a 
2-d  model  of  fractal  jrattem  formation.  The  threshold  screening 
model  is  used  to  produce  patterns  on  both  a  square  lattice  and 
hexa^nal  lattice.  In  both  cases,  the  fractal  dimension  varies  from 
one  to  two  as  the  screening  strength  is  decreased.  The  pattern 
forming  process  on  the  square  lattice  passes  thiou^  a  sin^e  crit¬ 
ical  point  as  a  function  of  temperature  or  field  where  the  spatial 
pattern  is  characterized  by  a  nontrivial  fractal  dimension.  On  a 
hex  lattice,  the  data  suggest  the  existence  of  a  critical  region  as  a 
function  of  temperature  and  field.  We  draw  an  analogy  to  XY 
models  on  square  and  trian^ar  lattices  (p  =  4  and  p  =  6  clock 
models)  where  similar  critiem  behavior  is  observed.  Possible  point 
defects,  analogous  to  the  vortices  in  the  xy  model,  are  described. 

316  Probing  Electrociystallization  Mechanisms  of  Molecular 
Solids:  A.  C.  Hillier  and  M.  D.  Ward,  Dept,  of  Chemical  En¬ 
gineering  and  Matenals  Science,  University  of  Minnesota,  Min¬ 
neapolis,  MN  55455 

Molecular  crystalline  solids  based  on  organic  and  organo- 
metallic  components  exhibit  electronic  phenomena  ranging  from 
electrical  conductivity,  superconductivity,  nonlinear  optical  be¬ 
havior  and  ferromagnetism.  While  structure-function  relation¬ 
ships  m  these  materials  have  been  and  -ontinue  to  be  studied  ex¬ 
tensively,  relatively  little  attention  has  been  paid  to  the  funda¬ 
mental  aspects  of  the  crystallization  of  these  materials,  which  is 
commonly  accomplished  by  electrochemical  methods.  Investiga¬ 
tions  involving  the  electrocrystallization  of  TTFEro?  (TTF  = 
tetrathiafulvalene)  and  TMTSF  charge  transfer  salts  (TMTSF  = 
tetramethyltetraselenafulvalene)  under  conditions  in  which  diffu¬ 
sion  limit^  aggregation  is  operative  were  performed.  Results  indi¬ 
cate  the  relationship  between  mass  transfer  and  the  probabilitv  of 
growth  along  different  crystallographic  directions,  as  controlled 
by  molecular  level  interactions  between  crystal  faces  and  solute 
molecules  and  aggregates. 

317  Multifractal  Fluctuations  in  Diffusion  in  Disordered  Sys¬ 
tems:  S.  Havlin.  Dept  of  Physics.  Bar-Ilan  University,  Ra- 

mat-Gan  52900.  Israel 

The  multifractal  features  which  appear  in  the  fluctuations  of 
diffusion  in  several  random  fractal  systems  are  discussed.  It  is 
shown  that  the  moments  of  the  probability  density.  P(r.  I),  for  a 
random  walker  to  be  at  distance  r  at  time  f  behave  as  (P’)  -  (P)"s', 
where  r(q)  ~  q\  and  y  <  I.  (q  ;>0)  Due  to  the  structural  disorder  the 
distribution  of  P  for  a  pven  r  and  t  is  anomalously  broad.  Similar 
multifractal  distributions  have  been  obtained  for  diffusion  in 
stratified  media  with  random  velocity  fields,  which  is  a  model  for 
ground  water  flow 

.118  Fractals  in  Electrochemical  Photovoltaics:  A.  J.  McEvoy 
and  M  Gratzel.  Institute  de  Chimie  Physique.  Ecole  Poly- 
technique  Federale  de  Lausanne.  CH-1015  Lausanne.  Switzerland 
A  wide  bandgap  n-type  semiconductor  sensitized  to  visible 
light  by  chemisorption  of  a  charge-transfer  dye  is  the  photoanode 
Ola  novel  photovoltaic  cell  A  very  rough  high  surface  area  mor¬ 
phology  IS  required  at  the  semiconductor-electrolyte  interface  for 
efficient  light  absorption  and  charge  transfer  Fractal  concepts 
have  been  applied  for  its  characterization,  using  diffusion  and 
impedance  spectroscopy  data  A  fractal  dimensionality  was  deter¬ 
mined,  and  the  interpretation  confirmed  by  electron  microscopy. 

.119  Morphology  and  Kinetics  of  Fractal  Growths;  D  B  Hibbert 
and  S  N.  Atchison,  University  of  New  South  Wales,  Ken- 
sin^on.  Sydney  203.1,  Australia 

Various  metals  (copper,  zinc,  and  silver)  were  electrodeposited 
in  two  dimensions  and  in  both  a  linear  and  circular  geometi^,  with 
and  without  a  variety  of  support  These  supports  were  found  to 
have  a  profound  effect  on  the  resulting  morphologies  of  the 
growths  The  velocity  of  the  growth  varies  with  the  transport 
number  of  the  anion,  in  accordance  with  the  theory  herein,  as  well 
as  concentration  and  voltage  XPS  maps  of  codeposited  metals  al¬ 
lows  a  detailed  study  of  the  interface. 

320  Photocatalysis  on  Porous  Substrates:  M.  Tomkiewicz  and 
H  Wang,  Dept  of  Physics,  Brooklyn  College  of  CUNY. 

Brooklyn,  NY  11210 

Some  of  the  recent  work  in  the  area  of  photocatalysis  on  semi¬ 
conducting  powders  and  porous  structures  which  correlates  the 
morphology  of  the  catalyst  with  its  activity  are  reviewed  Comput¬ 
er  simulations  of  the  photix'atalytic  processes  are  used  to  compare 
the  kinetics  on  porous  photocatalysU,  with  various  morphologies, 
with  that  of  a  smixith  one. 

321  Equivalent  Circuit  Study  of  Fractal  Electrodes:  B  Sapoval. 
Laboratoire  de  Physique  de  la  Matii>re  Condens^e.  Ecole 

Polytechnique.  91 128  Palaiseau.  France 

We  present  an  equivalent  circuit  study  which  permits  through 
Iteration  of  impedance  complex  functions  to  find  the  response  of 
2d  self-similar  electrodes.  Such  iteration  gives  an  algebraic  ex¬ 
pression  for  the  impedance,  the  constant  phase  angle  exponent 
and  the  frequency  range  in  which  a  CPA  response  exists.  The  ad¬ 
mittance  of  a  real  electrode  of  macroscopic  size  L  and  thick¬ 
ness  h  IS 


Yl  =  Lbf>'<-<(yia)’<a’r'  with  q  =  1/D 

where  a  is  the  smaller  feature  size  of  the  fractal,  p  the  electrolyte 
resistivity  and  y  the  capacitance  per  unit  surface  of  the  electrode. 
The  CPA  frequency  range  is  found  to  be  equal  to  (L/a)°  that  is  to 
the  total  length  of  the  fractal. 

322  The  Double  Layer  Impedance;  Effects  of  Electrode  Bough- 
ness:  T.  C.  Halsey,  The  James  Franck  Institute,  The  Univer¬ 
sity  of  Chicago,  Chicago,  IL  60637 

This  paper  presents  the  results  of  a  numerical  study  of  the  dou¬ 
ble  layer  impedance  of  various  self-similar  electrodes  in  two  and 
three  dimensions.  Our  numerical  method  makes  use  of  the  formal 
relationship  between  the  double  layer  impedance  at  a  rough  elec¬ 
trode,  and  the  behavior  of  random  walks  reflected  from  the  surface 
of  that  electrode.  We  find  the  behavior  of  the  impedance  is  deter¬ 
mined  by  the  “multifractal"  properties  of  the  surface. 

323  Theory  of  Interfacial  Constant  Phase  Element  in  Electrode- 
Electzuyte  Systems:  S.  H.  Liu,  Oak  Ridge  National  Labora¬ 
tory,  Solid  State  Div.,  Oak  Ridge,  TN  7831-6032 

In  this  paper  we  review  theoretical  and  experimental  evidence 
that  the  fractal  nature  of  the  electrode-electrolyte  interface  is  the 
source  of  the  constant  phase  element  seen  in  the  impedance  spec¬ 
tra  of  electrolytic  cells.  The  fractal  geometry  gives  rise  to  a  com¬ 
plex  distribution  of  parallel  current  paths,  and  the  competition  be¬ 
tween  these  paths  results  in  the  fractional  power  law  frequency 
dependence  of  the  impedance  across  the  interface.  The  frequency 
exponent  is  shown  to  be  not  simply  related  to  the  fractal  dimen¬ 
sion  of  the  interface. 

324  Noise  Analysis  Applied  to  Electrochemical  Systems: 
U.  Bertocci,  National  Institute  of  Standards  and  Technolo¬ 
gy,  Metalluiw  Div.,  Washington,  DC  20899 

Random  fluctuations  of  the  electrical  quantities  (electrode  po¬ 
tential  and  cell  current)  in  electrochemical  systems,  are  commonly 
referred  to  as  electrochemical  noise.  The  paper  describes  the  main 
sources  of  noise,  the  experimental  methods  used  for  its 
measurement,  and  some  of  the  schemes  for  its  analysis,  with  par¬ 
ticular  emphasis  to  corrosion  applications. 

325  Surface  Morphology  Characterization  with  X-Bay  Scatter¬ 
ing;  C.  Thompson,  Dept,  of  Physics.  Polytechnic  University, 

Brooklyn,  NY  11201 

Conventional  x-ray  reflectivity  techniques  can  describe  the 
characteristic  root-mean-square  width  of  the  surface  roughness 
profile.  Extensions  of  the  x-ray  reflectivity  technique  are  applied 
to  probe  in-plane  height-height  correlation  functions  for  surface 
films.  This  technique  is  sensitive  to  the  texture  of  the  surface  and 
to  changes  in  the  in-plane  arrangement  of  surface  structure  consti¬ 
tuting  film  roughness. 

326  Electrochemical  Fractal  Dimension  Measurement  on 
Rough  Surfaces:  T.  Pajkossy,  A.  Imre,  and  L.  Nyikos,  Cen¬ 
tral  Research  Institute  for  Physics.  Budapest  114,  H-1525,  Hun- 

"^ased  on  the  analysis  of  the  time  dependence  of  the  diffusional 
flux  to  a  surface,  an  electrochemical  method  is  described  for  the 
accurate  (<  t0.02)  determination  of  the  fractal  dimension  of  rough 
surfaces  in  the  1  to  10  pm  range.  We  apply  this  method  for  the 
measurement  of  the  fractal  dimension  of  fractured  steel  surfaces. 

ElECmXHEMICAl  CHARACTERIZATION 
OF  THIN  SOUD  RIMS 

Energy  Tecfmology/Physical  Eledrochemittry/Dielectric  Science 
and  Technology 

327  /it  Situ  Infrared  Spectroscopy  of  Corrosion  Processes  at 

Lacquer  Coated  Metals:  5.  N.  Port  and  A.  Bewick,  Dept,  of 
Chemistry,  University  of  Southampton,  Southampton.  England 
S09  5NH,  J.  Casper,  ICl  Paints.  Research  Dept.,  Slough,  Berk¬ 
shire.  England  SL2  5DS 

Degradation  and  corrosion  processes  occurring  at  polymeric 
lacquer  coated  iron  and  gold  in  aqueous  electrolytes  have  b<Kn  in¬ 
vestigated  using  in  jitu  infrared  spectroelectrochemical  methods 
suppl^ented  by  voltammetry  and  impedance  measurements.  Ini¬ 
tial  measurements  were  made  to  determine  the  adsorption  behav¬ 
ior  and  orientation  of  model  molecules  related  to  the  monomer 
units  of  the  polymer.  Spectra  from  the  coated  metals  at  controlled 
potentials  allowed  the  degradation  and  corrosion  processes  to  be 
elucidated  and  monitored. 

328  Coulooietric  Reduction  of  Thin  Tarnish  Films  Formed  on 
Copper.  B.  I.  Rickett  and  J.  H.  Payer,  Dept,  of  Materials 

Science  and  Engineering,  Case  Western  Reserve  University,  Cleve¬ 
land.  OH  44106 

Upon  exposure  to  ambient  air,  copper  develops  a  native 
cuprous  oxide  film  which  serves  to  protect  copper  from  further  ox¬ 
idation  in  nonaggressive  environments.  Yet,  the  combination  of 
relative  humidity  and  low  part  per  billion  concentration  levels  of 
pollutants  creates  a  corrosive  adlam,  which  then  destroys  the 
protective  nature  of  the  initial  oxioe  film.  Coulometric  analysis 
(chronopotentiometry),  in  conjunction  with  x-ray  photoelectron 
spectroscopy  (XPS).  allows  compositional  characterization  and 
thickness  oetermination  for  the  thin  tarnish  films  formed  during 
these  environmental  exposures.  This  paper  presents  the  results  of 
thin  film  analysis  for  Cu-O-S  compounds  on  a  copper  substrate. 
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32>  Impedance  Characterization  ol  Polypytroles;  P.  G.  Pickup, 
G.  L.  Duffitt,  and  X.  Ren,  Dept,  of  Chemistry,  Memorial 
University  of  Newfoundland,  St.  John’s,  Newfoundland,  Canada 
AIB  3X7 

Thin  films  of  polypyrrole,  poly-[l-methyl-3-(pyrrol-l- 
ylmethyDpyridiniuml',  and  poly-(3-methylpyrrole-4-carbo3cylic 
acid)  have  been  electrochemically  characterized  by  impedance 
spectroscopy.  Results  are  incompatible  with  a  diffusion  model, 
and  have  therefore  been  interprets  in  terms  of  a  transmission  line 
consisting  of  the  ionic  and  electronic  resistances  of  the  film  cou¬ 
pled  by  its  capacitance.  The  dependence  of  ionic  conductivities  on 
potential,  solvent,  electrolyte  concentration,  and  electrochemical 
cycling  reveals  significant  differences  between  the  three  polymers. 
Tlie  origins  ol  these  different  behaviors  are  discussed  in  terms  of 
polymer  film  structure  and  solvation. 

330  ElectiDcbemical  Observation  of  Intermediates  during  the 
Formation  of  Conducting  Polypyrrole:  D.  J.  Harrison  and 

O.  E.  Raymond,  Dept,  of  Chemistry,  University  ol  Alberta,  Ed¬ 
monton  Alta.,  Canada  T6G  2G2 

Conducting  polypyrrole  is  formed  by  electrochemical  oxida¬ 
tion  of  pyrrole,  leading  to  growth  of  a  film  on  the  electrode  sur¬ 
face.  Electrochemical  characterization  of  the  polymerization  pro¬ 
cess  is  severely  hampered  hy  the  electrochemistry  of  this  film.  Us¬ 
ing  the  rotating  ring  disk  electrode  we  have  observed  intermedi¬ 
ates  formed  during  the  polymerization.  “The  product  bipyrrole  is 
clearly  observed,  and  evidence  suggests  the  radical  cation  can  also 
be  observed.  By  following  these  species  during  polymerization,  it 
is  possible  to  gain  insight  into  the  effect  of  solution  conditions  on 
the  films  formed. 

331  Electrochemical  Quartz  Crystal  Microbalance  Studies  of 
Electroactive  Polymer  Bilayers:  A.  R.  Hillman  and  A.  Gli- 

dle.  School  of  Chemistry.  Bristol  University,  Bristol,  England  BS8 
ITS 

The  electrochemical  quartz  crystal  microbalance  has  been  used 
to  study  ion  motion  accompanying  charge  trapping  and  untrap- 
ping  at  poIv(bithiophene)/poly(xylylvioTogen)  bilayers.  On  the 
lime  scale  of  slow  scan  cyclic  voltammetry,  anion  ejection  is  the 
primary  mobile  species  transfer  accompanying  the  injection  of 
electronic  charge.  Relatively  little  inner  layer  reduction  is  required 
to  mediate  charge  transfer  to  the  outer  layer.  A  similar  conclusion 
IS  reached  for  re-oxidation  of  the  bitayer.  Charge  is  primarily  re- 
mi  ved  from  (and  anions  enter)  the  outer  layer  before  the  inner 
layer 

332  Modeling  of  the  GalnP,/ Aqueous  Electrolyte  Interface  Uti¬ 
lizing  Electrochemical  Impedance  Spectroscopy:  S. 

S.Kocha  and  B  E  Liebert,  Materials  Research  Laboratories,  Dept, 
of  Mechanical  Engineenng.  University  of  Hawaii,  Honolulu.  HI 
96822 

The  GalnP, /aqueous  electrolyte  interface  was  investigated  uti¬ 
lizing  electrochemical  impedance  spectroscopy  The  interface  was 
modeled  in  terms  of  two  time  constants:  one  for  the  space  charge 
layer  and  the  other  for  an  oxide  film  The  conduction  bandedge 
was  found  to  be  400-500  meV  negative  to  the  hydrogen  redox 
level  The  valence  bandedge  was  either  slightly  negative  or  very 
close  to  the  oxygen  redox  level  The  flatband  potential  was  found 
to  vary  by  60  rnV/pH 

333  The  Effect  of  Preparation  Conditions  on  the  Ion  Diffusion 
and  Electrochromic  Properties  of  Li.WO,.-  J.-G.  Zhang, 

C  E  Tracy,  and  D.  K.  Benson.  National  Renewable  Energy  Lab^ 
ratory.  Golden,  CO  80401 

Porous  films  of  WO,  were  prepared  by  vacuum  thermal  evapo¬ 
ration  in  different  partial  pressures  of  air  and  HjO.  Their  electro¬ 
chemical  potentials  (emf),  Li"  ion  diffusion  coefficients  (D)  and 
changes  in  optical  densities  (AO  D  )  were  measured  as  functions  of 
porosity  and  lithium  insertion  concentration  (x  in  Li,WOj).  D  in¬ 
creases  with  porosity  and  follows  a  1/x^  relationship  for  x  <  0.035. 
An  enhanced  diffusion  rate  is  observed  at  values  of  x  around  O.I, 
shifting  to  lower  values  of  x  in  the  more  porous  films 

334  Electrode  Surface  Modification  with  ZnO  and  ZnO-CdS 
Semiconductor  Colloidal  Particles:  P.  V.  Kamat.  Radiation 

Laboratory.  University  of  Notre  Dame.  Notre  Dame.  IN  46558. 

Hotchandani.  Centre  de  Recherche  en  Photobiophysique.  Uni¬ 
versity  du  Quebec  5  Trois  Rivibres.  Trois-Rivibres,  Cfue.,  Canada 
G9A  5H7 

The  surface  modification  of  an  optically  transparent  electrode 
has  been  carried  out  with  colloidal  particles  of  ZnO  and  CdS.  The 
particulate  films  of  ZnO  and  ZnO-CdS  exhibit  excellent  photo- 
electrochemical  properties  with  an  incident  photon  to  current  con¬ 
version  efficiency  of  -15%  at  320  and  400  nm.  respectively.  The 
chlorophyll-a  electrodeposited  on  these  modified  electrode  sur¬ 
faces  is  capable  of  in^ting  electrons  from  its  excited  sate  into  the 
conduction  band  of  the  semiconductor  Photochemical  and  photo- 
electrochemical  properties  of  these  modified  surfaces  have  been 
elucidated 
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335  Hm  Performance  of  W  Single  Ciystal  Faceted  Coati^ 
Surface  Having  (lit)  Preference  Orientation  of  TEC  Cylin¬ 
drical  Electrodes:  R  V  Sarvov,  A.  V.  Vizgalov.  V.  /.  Yarygin.  and 
7.  B  Skrebova.  Institute  of  Physics  and  Power  Engineering.  Ob¬ 
ninsk.  USSR 


The  investigation  of  crystallographic  orientation  and  electron 
work  function  distribution  of  W  crystal  faceted  coating  deposited 
by  special  CVD  technology  on  TEC  cylindrical  emitter  was  carried 
out  by  HRTCS,  RFM,  and  AES  methods.  It  was  found  that  facet 
plane  orientation  is  close  to  (1 10)  direction.  As  a  result,  work  func¬ 
tion  distribution  is  smoother  and  average  work  function  is  close  to 
highest  possible  value  for  WfllO)  6  -  5.35  eV.  The  investigation  of 
the  coating  after  6460  h  'TEC  test  demonstrates  its  high  stability. 

336  Ionic  Conductivity  and  Phase  Transfonnation  in  GdiOj- 
Stabilized  BiiOj:  P.  Su  and  A.  V.  Virkar,  Dept,  of  Materials 

Science  and  Engineering,  University  of  Utah,  Salt  Lake  City,  UT 
84112 

Samples  containing  14  m/o  GdjOj  and  86  m/o  BijOa  were  an¬ 
nealed  at  many  temperatures  for  several  days.  During  isothermal 
armeal,  ionic  conductivity  exhibited  four  regimes  which  were  in¬ 
terpreted  in  terms  of  the  volume  fractions  of  the  cubic  and  rhom- 
bohedral  phases.  Kinetics  of  phase  transformation  were  investigat¬ 
ed  using  conductivity  measurements,  x-ray  diffraction,  and  opti¬ 
cal  microscopy. 

337  Platinum-Tungsten  and  Rhodium-Tungsten  Alloys  for 
AMTEC  Electives:  M.  A.  Ryan,  R.  M.  Williams,  B.  Jeffries- 

Nakamura,  M.  L.  Underwood,  and  D.  O'Connor,  Jet  Propulsion 
Laboratory,  Pasadena,  CA  91109 

Two  alloys  for  electrodes  for  the  alkali  metal  thermal  to  elec- 
troc  converter  (AMTEC),  platinum-tungsten  and  rliodium-tung- 
sten,  are  discussed.  Both  alloys  have  been  operated  as  electrodes  in 
AMTTEC  cells  or  under  simulated  AMTEC  conditions  for  several 
hundred  hours,  and  lifetimes  for  these  electrodes  are  projected  to 
be  tens  of  thousands  of  hours.  Compositions  of  PtW  ranging  from 
PtjW  to  PtsW  have  been  tested  to  find  the  optimum  Pt/W  ratio. 
Sodium  transport  through  the  electrode  and  its  effect  on  electrode 
performance  is  discussed. 

338  The  lUgh  Temperature  Work  Function  of  Sintered  Dilute 
Solution  Tungsten,  Iridium  Alloys:  L.  A.  D’Cruz,  D.  R. 

Bosch,  and  D.  L.  Jacobson,  Department  of  Chemical.  Bio  and  Ma¬ 
terials  Engineering,  Arizona  State  University,  Tempe,  AZ  85287- 
6006 

In  this  study,  iridium-added  tungsten  powder  mixtures  were 
cold-compacted  and  sintered  to  produce  a  range  of  tungsten,  irid¬ 
ium  electrodes.  An  electron  emission  study  was  subsequently  car¬ 
ried  out  in  order  to  evaluate  the  work  function  behavior  of  the 
consolidated  alloys.  The  work  hmetion  was  obtained  by  the 
thermionic  method  and  was  found  to  be  temperature  and  compo¬ 
sition  dependent.  SEM  and  EPMA  was  used  to  characterize  the  to- 
poCTaphy  and  composition  near  the  surface  of  each  tested  alloy. 
SIMS  (elemental  images)  and  TEM  of  the  surface  regions  were  also 
carried  out. 

339  Dispersion  Particle  Strengthening  in  Tungsten  at  High 
Temperatures:  A.  Luo  and  D.  L.  Jacobson,  Dept,  of  Chemi¬ 
cal,  Bio  and  Materials  Engineering,  Arizona  State  University, 
Tempe.  AZ  85287-6006 

TTie  mechanical  properties  of  tungsten  and  a  W-3.6Re-0.26HfC 
alloy  were  determined  from  1950  to  2980  K  in  a  vacuum  below 
10  ‘  Pa.  HfC  particle  strengthening  was  effective  in  a  dilute  tung¬ 
sten-rhenium  matrix  to  a  temperature  of  approximately  2700  K. 
The  addition  of  HfC  to  tungsten  increased  both  the  strain-harden¬ 
ing  exponent  and  the  temperature  sensitivity  of  tungsten  at  high 
temperatures.  An  increase  in  the  growth  rate  of  HfC  particles  oc¬ 
curred  at  temperatures  CTeater  than  2450  K.  The  yield  strength  of 
W-3.6Be-0.26HfC.  calcidated  based  on  the  dislocation  pinning  and 
the  particle  statistical  distribution,  was  in  good  agr^ment  with 
the  experimental  data  over  the  entire  temperature  range. 

340  High  Temperaturo  Electron  Emission  and  Vaporization  of 
Tungsten-Iridium  Alloys:  R.  N.  Wall,  IBM  East  Fishkill  Fa¬ 
cility,  Hopewell  Junction.  New  York  12533,  D.  L.  Jacobson  and  D. 
R.  Bosch,  Dept  of  Chemical,  Bio  and  Materials  Engineering,  Ari¬ 
zona  State  University,  Tempe,  AZ  85287-6006 

The  effective  work  function  of  tungsten-iridium  alloys  was 
studied.  The  work  function  of  W-l%Ir  and  W-3%lr  decreased 
substantially  with  increasing  temperature,  whereas.  W-7%Ir 
showed  a  slight  increase  as  the  temperature  was  raised.  The  high¬ 
est  observed  work  function  (5.11  eV)  was  obtained  at  low  temper¬ 
ature  (1900-2100  K)  from  the  W-3%Ir  sample.  Hie  decrease  in  the 
work  function  of  W-l%Ir  and  W-3%lr  with  increased  temperature 
was  attributed  to  depletion  of  surface  iridium.  The  work  functions 
obtained  here  by  alloying  small  quantities  of  iridium  in  tungsten 
are  among  the  highest  of  any  conducting  material. 


SYNTHESIS  AND  PIKXESSING  FOR  HIGH  TEMPSIATURE  MATERIALS 
FOR  THE  YEAR  20(» 

High  Tanyroluta  Molarioli/Dielacirie  Scienca  ond  Technology 

341  Materials  Research  in  the  U.S.:  The  Development  of  a  Na¬ 
tional  Agenda:  L.  H.  Schwartz,  Materials  Science  and  Engi¬ 
neering  Laboratory,  National  Institute  of  Standards  and  Technol¬ 
ogy,  Gaithersburg.  MD  20899 

The  comprehnisive  study  on  materials  science  and  engineering 
(MS&E)  published  in  1989  by  the  National  Research  Council 
(NRC)  set  the  stage  for  a  National  Agenda.  What  is  the  Federal  re¬ 
sponse  and  how  is  it  being  orchestrated?  This  charge  resides  with 
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the  Office  of  Science  and  Technology  Policy  (OSTP).  Through  its 
committee  structure,  OSTP  is  identifying  policy  issues,  developing 
an  inventory  of  government  activities  and  recommending  a  Feder¬ 
al  strate^  and  a  R&D  plan  responsive  to  national  needs.  The  plan, 
still  in  the  evolutionary  stage,  focuses  on  advanced  materials  and 
materials  processing  and  an  increased  interaction  between  gov¬ 
ernment,  universities,  and  industry. 

342  Eatpanding  Horizons  for  Chemical  Vapor  Deposition  Syn- 
thmis:  K.E.  Spear,  Materials  Science  and  Engineering,  The 

Pennsylvania  State  University,  University  Park,  PA  16802 

Extrapolations  of  trends  in  CVD  history  show  that  chemical 
vapor  deposition  (CVD)  will  play  an  expanded  and  critical  role  as 
a  synthesis  technique  in  the  next  century.  New  areas  continue  to 
be  developed  for  utilizing  CVD  techniques  for  high  temperature 
materials  applications.  Increasing  technology  requirements  for 
high  quality,  reproducible  coatings  are  driving  research  on  the 
fundamentals  of  deposition  processes.  Thus,  theoretical  modeling 
of  CVD  systems  will  also  brcome  quite  sophisticated  in  the  next 
century. 

343  Chemical  Vapor  Deposition  Process  Aspects  for  the  year 
2000:  J.-O.  Carlsson,  Dept,  of  Chemistry,  Uppsala  Univer¬ 
sity,  S-751  21  Uppsala,  Sw^en 

Chemical  vapor  deposition  (CVD)  plays  an  important  role  in 
science  and  technology  today.  There  is  an  increased  demand  of  tai¬ 
lor-made,  well-defined,  and  high-purity  materials.  CVD,  with  its 
ability  to  produce  films  of  uniform  thickness  and  properties  even 
on  complicated  shaped  substrates,  will  play  a  key  rofc  in  the  de¬ 
velopment  of  the  next  generation  of  thin  film  materials.  For  the 
year  2000  the  fundamental  process  related  research  and  develop¬ 
ment  has  to  focus  on  some  important  areas.  Precursor  design,  a 
deeper  knowledge  of  surface  processes  (including  nucleation),  and 
positioning  of  surface  reactions  or  selective  CTowth  on  unpat- 
temed  and  patterned  substrates  are  examples  of  such  areas. 

344  Computational  Analysis  of  Fluid  Flow  and  Chemical  Ki¬ 
netics  in  Chemical  Vapor  Deposition;  R.  J.  Kee,  G.  H. 

Evans,  and  M.  E.  Coltrin,  Sandia  National  Laboratories,  Albu¬ 
querque,  NM  87185 

Chemical  vapor  deposition  (CVD)  processes  involve  the  com¬ 
plex  interaction  of  fluid-mechanical  transport,  molecular  diffusive 
transport,  gas-phase  chemical  reaction,  and  heterogeneous  chemi¬ 
cal  reaction  at  the  deposition  surface.  Computational  simulation 
plays  an  important  role  in  developing  an  understanding  that  facil¬ 
itates  optimal  reactor  desi^  and  operation.  Drawing  on  work  in 
silicon,  silicon-nitride,  gallium-arsenide,  and  diamond  CVD,  this 
paper  uses  specific  examples  to  illustrate  the  application  of  mod¬ 
eling  to  practical  reactor  design  and  operation.  The  paper  also  dis¬ 
cusses  a  new  and  general  software  capability  that  facilitates  cou¬ 
pling  of  gas-phase  chemistry  and  transport  with  heterogeneous 
chemistry  at  gas-surface  interfaces. 

345  Processing  and  Fabrication  of  Ceramic  Composites  in  the 
21si  Century;  R.  W  Rice,  W.  R.  Grace  &  Co. -Conn.,  Colum¬ 
bia.  MD  21044 

The  methodologies  of  processing  (i.e.,  forming  a  solid  piece  of 
material)  and  fabrication  (i.e  ,  achieving  the  size,  shape,  and  di¬ 
mensional  accuracy  of  components)  are  reviewed.  These  include 
the  array  of  powder-based  processing  and  fabrication,  polymer- 
based  processes,  and  chemical  vapor  deposition,  and  coupling  this 
with  tne  introduction  of  the  dispersed  phase,  including  fiber 
handling.  The  needs  and  opportunities  of  tnese  are  assessed  based 
on  the  properties,  sizes,  shapes,  and  costs  achievable  relative  to 
expected  application  needs 

346  Chemical  Vapor  Infiltratiofi:  T  M.  Besmann,  D.  P.  Stinton, 
and  R.  A.  Lowden,  Oak  Ridge  National  Laboratory,  Oak 

Ridge,  TN  37831 

Continuous  filament  ceramic  composites  are  enabling  new, 
high  temperature  structural  applications.  Chemical  vapor  infiltra¬ 
tion  methods  for  producing  these  composites  are  being  studied, 
with  the  complexity  of  filament  weaves  and  deposition  chemistry 
merged  with  standard  heat  and  mass  transport  relationships.  Sili¬ 
con  carbide-based  materials  are.  by  far,  tne  most  advance,  and 
are  already  being  used  in  aerospace  applications.  This  paper  ad¬ 
dress  is  the  state-of-the-art  of  the  technology  and  outlines  current 
issues 

347  High-Tech  Fibers;  G.  G.  Tibbetts,  Physics  Dept.,  General 
Motors  Research  Laboratories,  Warren,  MI  48090-9055 

Modem,  high-tech  fibers  offer  the  materials  engineer  a  broad 
choice  of  properties  for  ceramic  composites.  Fibers  may  be  vari¬ 
ously  produced  by  spinning  a  precursor  polymer  into  a  thread, 
melt  spinning,  whisker  growth  in  the  gas  phase,  vapor  deposition 
on  a  pre-existing  fiber,  or  sol-gel  processing.  I^perties  of  some 
fibers  useful  for  ceramic  reinforcement  are  compart,  and  some  of 
the  complications  of  engineering  a  fiber-matrix  system  are  airrt. 

348  Precessing  of  Advanced  Ceramic  Materials;  Need  for 
Short-Ea^  iMenartkle  Potentials;  F.  F.  Lange,  Materials 

Dept .  University  of  California.  Santa  Barbara,  Santa  Mrbara,  CA 
93106 

Interparticle  potentials  play  a  dominate  role  in  governing  the 
slurry  viscosity,  maximum  (article  packing  density,  and  the  rheol¬ 
ogy  of  the  consolidated  body.  These  roles  are  reviewed  with  the 


objective  of  understanding  how  damage-free  bodies  can  be  consol¬ 
idated  from  slurries  to  increase  the  structural  reliability  of  ceram¬ 
ics  and  their  composites.  Recent  results  have  shown  that  short- 
range  (<4  ran)  repulsive  potentials  that  produce  an  attractive,  but 
nontouching,  particle  network  are  most  remarkable  and  desirable 
for  developing  new  shaping  methods  for  advanced  ceramic  sys¬ 
tems. 


349  Synthesis  and  Processing  of  Nanostructured  Materials: 

H.  Hahn,  Dept,  of  Materi^  Science  and  Engineering,  Rut¬ 
gers  University,  Piscataway,  NJ  08855 

Nanostructured  materials  are  synthetic  metastable  materials 
with  ultrafine  microstructures,  typical  less  than  100  ran.  It  has 
been  demonstrated  that  these  materials  have  interesting  proper¬ 
ties  such  as  sintering  and  superplastic  deformation  at  low  temper¬ 
atures  in  nanostructured  ceramics  and  high  hardness,  ductility 
and  fracture  strength  in  nanostructured  ceramic-metal  compos¬ 
ites.  Expectations  are  that  these  novel  properties  will  lead  to  tech¬ 
nological  applications.  A  wide  variety  of  techniques  such  as  I^E, 
CVD,  spray  conversion,  hydrolysis,  laser  pyrolysis,  mechanical  at¬ 
trition,  sol-gel  and  gas  condensation  has  been  used  to  synthesize 
nanostructiued  materials.  The  paper  presents  the  various  tech¬ 
niques  and  discusses  their  advantages  and  limitations  for  basic  re¬ 
search  and  potential  technological  applications. 

350  Microwave  Processing  of  Ceramics:  Promises  and  Chal¬ 
lenges;  D.  L.  Johttson,  Dept,  of  Materials  Science  and  Engi¬ 
neering,  Northwestern  University,  Evanston,  IL  60208-3108 

The  hope  of  high  speed  processing,  uniform  heating,  energy  ef¬ 
ficiency,  and  precise  control  of  heat  application  has  spurred  a  re¬ 
cent  flurry  of  activity  in  attempts  to  exploit  microwave  heating  for 
the  processing  of  ceramics.  Significant  reductions  in  sintering 
tem^rature  have  been  reported.  However,  difficulties  with  mi¬ 
crowave  heating  arise  from  the  nature  of  the  interaction  of  mi¬ 
crowave  energy  with  materials.  Low  loss  materials  are  difficult  to 
heat,  and  heating,  once  begun,  can  be  difficult  to  control. 


351  Microwave  Surface  Modifiction  and  Sintering:  D.  E.  Clark, 
Z.  Fathi,  and  D.  FoU,  Dept,  of  Materials  Science  and  Engi¬ 
neering,  University  of  Florida,  Gainesville,  FL  32611 

We  have  processed  technically  important  ceramics  and  glasses 
in  both  microwave  and  conventional  ovens.  Comparison  of  mi¬ 
crostructures,  hardness,  and  toughness  of  alumina  samples  sin¬ 
tered  by  the  two  methods  indicate  that  microwave  processing  of¬ 
fers  distinct  advantages:  more  uniformity  is  obtained  in  the  mi¬ 
crowave  processed  samples.  Surface  modification  of  glasses  and 
ceramics  nave  been  achieved  using  microwave  enetw.  Soda-alu- 
mina-silicate  glasses  liave  been  treated  in  a  molten  iWOs  solution. 
A  greater  degrw  of  control  over  the  surface  chemistry  and  depth 
of  surface  ratification  can  be  achieved  in  the  microwave  oven.  A 
K  penetration  depth  of  100  pm  requires  only  30  min  as  opposed  to 
many  hours  using  the  conventional  method. 


352  Mathematical  Modeling  Issues  in  Plasma  Synthesis; 

J.  Szekely,  Massachusetts  Institute  of  Tectaology,  Cam¬ 
bridge,  MA  02139 

Iqasma  systems  may  provide  an  ideal  vehicle  for  the  synthesis 
of  fine  ceramic  and  metallic  powders  because  of  the  high  tempera¬ 
tures  and  the  controllable  exposure  times.  A  critical  issue  in  the 
operation  of  these  systems  is  to  control  the  transport  phenomena, 
that  is  the  intermixing  of  the  reactants,  and  if  necessary,  the  effi¬ 
cient  quenching  of  the  product.  We  review  the  progress  made  in 
the  modelii^  of  these  systems  and  address  the  problems  that  still 
need  attention. 


353  Thermal  Plasma  Synthesis  of  Fine  Powders;  E.  Pfender, 
Dept,  of  Mechanical  Engineering,  University  of  Minnesota, 

Minneapolis,  MN  55455  and  P.  Kong,  INEL,  EG&G  Inc.,  IRC,  Ida¬ 
ho  Falls.  ID  83415 

Thermal  plasmas  suitable  for  the  synthesis  of  fine  powders  are 
primarily  produced  by  means  of  high  intensity  arcs  or  by  high  fre¬ 
quency  discharges.  Synthesis  of  fine  powders  in  such  plasmas  may 
proceed  from  gaseous,  liquid,  or  solid  precursors  resulting  in  pow¬ 
ders  of  a  wide  array  of  high  temperature  materials,  including  car¬ 
bides,  refractory  oxides,  nitrides,  borides,  and  oxide  superconduc¬ 
tors.  In  this  paper  recent  advances  in  thermal  plasma  synthesis  of 
fine  powders  are  summarized  with  emphasis  on  novel  plasma  re¬ 
actor  designs. 

354  Plasma  Sintering  of  Ceramics:  D.  L.  Johnson,  Dept,  of  Ma¬ 
terials  Science  and  Engineering,  Northwestern  University. 

Evanston.  IL  60208-3108 

Several  ceramic  materials  have  been  successfully  sintered  in 
plasmas  generated  by  various  means.  Generally,  plasma  sintering 
results  in  enhanced  densification  rates,  finer  grain  size,  and 
greater  strength  than  for  materials  sintered  conventioruiUy  at  the 
same  temperatures.  Recent  parallel  experiments  in  which  alumina 
specimens  were  heated  conventionally  or  in  a  plasma  over  identi¬ 
cal  temperature  excursions  have  indicated  significant  enhance¬ 
ment  of  the  grain  boundary  diffusion  coefficient,  probably 
through  enhanrad  aluminum  interstitial  concentration  in  the  plas¬ 
ma  heated  specimens. 
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HIGH  TEMPERATURE  SENSORS 
High  Temperature  Materials/Sensor/BoHery 

355  Sensor  Applications  of  Oxygen  Pumping  with  ZrOi  Elec¬ 
trochemical  Cells;  E.  M.  Logothetis,'  J.  H.  Viaser,  R.  E. 

Soltis,  and  L.  Rimai,  Ford  Motor  Co.,  Physics  Dept.,  Dearborn,  MI 
48121-2053 

Oxygen  sensors  based  on  ZrOj  electrochemical  cells  have  found 
extensive  use  in  many  applications.  The  most  sensitive  of  these 
sensors  employ  the  oxygen  pumping  principle  with  ZrOz  cells. 
Oxygen  pumping,  however,  can  also  be  usm  to  generate  other 
chemical  and  also  physical  sensors.  This  paper  discusses  several  of 
these  sensors,  e.g.,  sensors  for  measuring  CO,  Hz,  HjO,  hydrocar¬ 
bons,  gas  flow,  and  gas  pressure,  and  presents  results  of  studies  of 
the  properties  of  some  of  these  devices. 

356  Kinetics  of  the  Electrode  Reaction  at  the  H]-HiO,  Porous 
Pt/Stabilized  Zirconia  Interface:  J.  Mizusaki  and  H. 

Tagaioa,  Institute  of  Environmental  Science  and  Technology, 
Yokohama  National  University,  156  Tokiwadai,  Hodogaya-ku, 
Yokohama  240,  Japan,  K.  Isobe,  M.  Tajika,  I.  Koshiro,  H.  Maruya- 
ma.  and  K.  Hirano,  Shibaura  Institute  of  Technology,  Shibaura, 
Minato-ku,  Tokyo  108,  Japan 

Steady-state  and  ac  impedance  measurements  were  made  on 
the  electrode  reaction  at  the  Hi-HjO,  porous  Pt/YSZ  interface  as 
functions  of  Hj  and  HjO  partial  pressures  and  temperature.  The 
reaction  rate  was  compared  with  that  under  CO-CO2  and  Oj  gas 
and  the  possible  reaction  kinetics  at  the  triple  phase  boundary  of 
gas/Pt/YSZ  are  discussed.  It  is  shown  that  tW  reaction  rate  in  the 
H.-HjO  gas  is  about  10^  times  larger  than  that  in  CO-CO2. 

357  Mixed  Potential  Gas  Sensors;  P.  T.  Moseley'  and  R.  Peat, 
AEA  Industrial  Technology.  Harwell  Laboratory,  Didcot, 

Oxon,  England  0X1 1  ORA 

Potentiometric  gas  sensors,  in  which  identical  electrodes  are 
brought  into  equilibrium  with  a  major  constituent  of  separated 
test  and  reference  atmospheres,  have  been  known  since  the  pio¬ 
neering  work  of  Nemst  at  the  turn  of  the  century.  In  recent  years 
an  alternative  configuration  for  potentiometric  sensors,  in  which 
there  is  no  separation  of  atmospheres,  has  been  explor^.  In  this 
instance  the  measured  potential  of  the  device  arises  from  the  dis¬ 
tinct  interactions  of  a  minority  component  of  the  atmosphere  with 
the  two  different  materials  which  comprise  the  electrodes.  The 
range  of  applications  of  this  confimration,  both  at  ambient  and  at 
elevated  temperatures,  is  reviewed. 

358  New  Ideas,  How  to  Use  Mixed  Ionic  Electronic  Conductors, 
Instead  of  Solid  Electrolytes,  in  Potentiometric  Sensors; 

f.  Riess.  Physics  Dept .  Technion-HT,  Haifa  32000,  Israel 

A  new  method  is  suggested  tor  determining  chemical  potentials 
bv  potentiometric  measurements.  It  allows  the  use  of  mixed  ionic 
electronic  conductors,  MIECs,  instead  of  solid  electrolytes.  SEs. 
The  galvanic  cell  includes  the  sample,  a  reference  electrode,  two 
MIECs.  a  power  supply,  and  two  voltmeters.  The  procedure  of 
measurement  is  different  from  the  usual  potentiometric  one.  The 
possibility  to  replace  SEs  by  MIECs  should  extend  the  range  of 
application  of  the  potentiometric  method. 

359  A  Study  on  Properties  of  Electrode  Materials  for  Oxygen 
Sensors;  H.  Ami,  K.  Eguchi,  and  T.  Inoue,  Dept,  of  Materi¬ 
als  Science  and  Technology,  Kyushu,  University,  6-1  Kasugakoen 
Kasuga-shi,  Fukuoka  816.  Japan 

The  lowest  limit  of  operation  temperature  from  the  oxide  solid 
electrolyte  oxygen  sensors  was  effected  by  the  electrode  materials. 
The  .sensor  with  perovskite-type  oxide  electrode  exhibited  theoret¬ 
ical  electromotive  force  at  lower  temperature  than  those  with  Pt 
electrodes.  In  particular,  the  sensor  with  Lao«Sr„,CooMNioo203  at¬ 
tained  theoretical  electromotive  force  even  at  200'C.  The  electrode 
materials  operative  at  low  temperatures  tend  to  have  large  elec¬ 
trode  conductivity  and  oxygen  isotopic  exchange  reaction  rate. 

360  Novel  Solid  Electrolyte  COj  Sensor  Using  Sodium  Ion  Con¬ 
ductor  and  Lithium-Based  Carbonate  Elwtrode:  N.  Yama- 

zoe.  S  Yao.  Y.  Shimizu,  and  IV.  Miura,  Dept,  of  Material  Science 
and  Technology.  Kyushu  University,  Kasuga-shi,  Fukuoka  816, 
Japan 

An  electrochemical  cell  combining  an  Na‘  conductor  and  an 
Li-based  binary  carbonate  auxiliary  electrode  (LijCOj-MCOj  (M  = 
Ca,  Ba)  show^  excellent  performance  in  CO,  sensing.  Its  re¬ 
sponses  to  CO,  followed  a  Nemst  equation  over  a  broad  dynamic 
range  of  10--10'  ppm  COj  even  under  humid  condition.  The 
Nemst  s  slope  coincided  with  a  2-electron  reaction  of  COj.  On  the 
other  hand,  the  responses  were  almost  independent  of  POj  at  high¬ 
er  temperatures  aoove  450’C,  while  at  305‘C  and  below  the  re¬ 
sponses  depended  on  PO2  in  coincidence  with  a  2-electron  reaction 
of  O3 

361  Development  of  Solid-State  Electrocheniical  Sensors 
Measurement  of  Elements  in  Molten  Metals;  R.  V.  Kumar 

and  D.  J.  Fray,  Dept,  of  Mining  and  Mineral  Engineering,  Univer¬ 
sity  ^f  Leeds.  Leeds,  England  LS2  9JT 

The  industrial  applications  of  solid-state  electrochemical  sen¬ 
sors  for  measurement  of  elements  in  molten  metals  have  mainly 
been  confined  to  those  species  which  are  ionically  transferred  in 
the  solid  electrolyte  It  has  been  possible  to  extend  the  range  of 


elements  by  the  use  of  auxiliary  phases  such  that  there  is  a  chemi¬ 
cal  coupling  between  the  element  being  measured  and  the  element 
ionically  mobile  in  the  electrolyte.  Devices  for  sensing  phosphorus, 
silicon,  and  sulfur  have  been  developed  and  their  applications  in 
metal  refining  are  presented. 

362  Miniaturization  of  a  High  Temperature  Oxygen  Sensor 
Employing  Film  Electro!]^  and  Qectrodes:  E.  B.  Makovos, 

F.  W.  Montague,  M.  A.  Stuezynski,  and  C.  C.  Liu,  Electronics  De¬ 
sign  Center,  Case  Western  Reserve  University,  Cleveland,  OH 
44106 

High  degree  of  miniaturization  in  actively  operated  oxygen 
sensors  may  be  achieved  with  a  substitution  of  thin  films  for  all  of 
their  components.  A  viable  sensor  has  been  constructed  by  using 
ion  beam  deposited  ceramic  electrolyte  and  platinum  electrodes  on 
a  silicon  substrate  insulated  by  SiOj.  Thin  fUm  electrolyte  of  suffi¬ 
cient  conductivity  has  been  formed  from  a  yttria-dopM  zirconia 
source  in  an  oxygen-containing  atmosphere.  Continuous  operation 
of  up  to  2  weeks  at  1200  K  is  possible. 

363  Humidity  Sensor  for  High  Temperature  Usng  a  Limiting 
Current  Type  Plane  Oxygen  Sensor  H.  Yogi,  Research  and 

Development  Center,  NGK  Spark  Plug  Co,,  Ltd,,  2808,  Iwasaki, 
Komaki-shi,  Aichi,  Japan 

A  limiting  current  type  plane  oxygen  sensor  with  a  unique 
structure  has  been  developed.  This  sensor  has  cathode  and  anode 
of  Pt  on  the  same  plane  of  ZrO^  electrode,  and  the  cathode  also 
serves  as  a  hole  to  limit  gas  diffusion.  It  detects  humidity  linearal- 
ly  proportional  to  a  water  vapor  pressure  of  0-500  mm  Hg  in  a 
wide  operation  temperature  range  from  20  to  300'C.  No  deteriora¬ 
tion  was  observed  after  10,000  h  life  test. 

364  The  Relationship  Between  Microstructure  and  Pr^rties  of 
Native  Insulators  Used  in  High  Temperature-Thin  Film 

Sensor  Applications:  A.  S.  Lawing  and  O.  J.  Gregory,  Dept,  of 
Chemical  and  Materials  Engineering,  University  of  Rhode  Island. 
Kingston,  R1  02881,  S.  Mina,  AUied  Signal  Aerospace  Co.  Garrett 
Engine  Div.,  Phoenix,  AZ  85010 

High  temperature-thin  film  sensors  are  currently  being  inves¬ 
tigated  for  temperature  and  strain  measurements  on  gas  turbine 
engine  components.  The  electrical  properties  of  the  native  insulat¬ 
ing  layer  formed  on  the  surfaces  of  these  components  is  critical  to 
device  performance.  The  relationship  between  the  microstructure 
and  electrical  properties  of  the  native  oxide  layers  was  investigat¬ 
ed.  The  formation  of  a  high  quality  dielectric  was  achieved  by 
minimizing  the  degree  of  internal  oxidation  within  the  bond  coat 
layer  and  maximizing  external  oxide  scale  growth. 

365  A  Novel  Polymer  Blend  for  Solid-State  Ammonia  Sensor 

R.  D.  A.  Paulmer,  R.  S.  Srinivasa,  and  A.  R.  Kulkami,  Ma¬ 
terials  Scienct  Centre,  Indian  Institute  of  Technology,  Powai, 
Bombay-400076,  India 

A  new  polymer  electrolyte  with  three  orders  of  magnitude 
higher  sodium  ion  conductivity  at  room  temperature,  than  the 
hitherto  reported  polyrner  bas^  electrolytes  is  presented  here. 
The  electrolyte  comprises  of  poly(propylene  glycol),  (PPG), 
poly(ethylene  oxide),  (PEO),  and  Nal.  TTie  films  were  obtained  by 
conventional  solvent  casting  technique.  The  material  was  found  to 
be  completely  amorphous.  This  has  been  confirmed  by  XRD  stud¬ 
ies  and  supplemented  by  DSC.  The  blend  was  found  to  be  a  sodi¬ 
um  ion  conductor.  The  effect  of  concentration  of  PPG  and  varying 
sodium  ion  concentration  (different  O/Na  ratios)  on  ionic  conduc¬ 
tivity  in  the  blends  were  studied.  An  optimized  concentration  of 
PPG.  and  O/Na  ratio  gave  a  maximum  conductivity  of  6.0  x  lO-’  (Q 
cm) '  at  room  temperature.  This  blend  is  completely  amorphous. 
Studies  on  ionic  conductivity  varying  the  partial  pressure  of  am¬ 
monia  show  that  conductivity  has  a  logarithmic  relationship  with 
partial  pressure  of  ammonia.  The  effect  of  compositional  changes 
and  various  temperature  on  change  in  ionic  conductivity  at  vari¬ 
ous  partial  pressure  of  ammonia  are  presented.  The  results  suggest 
the  applicability  of  polymer  electrolyte  as  solid-state  ammonia 
sensor. 

ELECTROCHEMISTRY  IN  MRMERAL  AND  METAL  PRCCESSING  III 
Industrial  Elsciroiysis  and  Eiedrochainical  Engineering 

366  Reqairements  for  Industrial  Collectorless  Flotation;  N. 

Arbiter,  Nathaniel  Arbiter  Associates,  Inc.,  Vail,  AZ  85641, 
J.  E.  Gebhardt,  Control  International,  Inc.,  Salt  Lake  City,  UT 
84108 

Many  sulfide  minerals  can  be  floated  without  collector  in 
controlled  laboratory  chemical-electrochemical  environments. 
Whether  collectorless  sulfide  mineral  flotation  is  commercially 
feasible  and  under  what  conditions  are  critically  examined.  Since 
molybdenite  floats  with  frother  and  hydrocarbon  and  laboratory 
collectorless  flotation  of  chalcopyrite  is  relatively  simple,  a  favor¬ 
able  example  for  collectorless  flotation  should  be  chalcopyrite  ores 
containing  byproduct  molybdenite.  Actually,  the  need  to  consider 
ore  geoio^  and  to  control  water  quality  and  redox  environments 
during  grinding,  conditioniM,  and  flotation  make  commercial- 
scale  couectorless  flotation  difficult,  if  not  impossible. 

367  Surface  Electron  Structures  of  Galena  and  Pyrite  Related 
to  Collectorless  Flotation:  S.  Sun,  D.  Wang,  and  B.  Li,  Dept. 

of  Mineral  Engineering,  Central  South  University  of  Technology, 
Changsha.  Hunan,  410083,  China 
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The  electron  energy  level  of  galena  surface  is  higher,  which  de¬ 
termines  that  the  admtion  of  sodium  sulfide  obviously  reduces  the 
platinum  electrode  potential  of  galena  and  depresses  the  collector¬ 
less  flotation  of  galena  pulp.  On  the  other  hand,  pyrite  surface  has 
a  lower  electron  energy  level.  It  electrochemically  catalyzes  the 
oxidation  of  HS’  ion  to  neutral  sulfur.  Th^resence  of  NajS  im¬ 
proves  the  collectorless  flotation  of  pyrite.  The  collectorless  flota¬ 
tion  separation  of  galena  from  pynte  is  possible  using  NaaS  as 
modifier. 

368  Electrochemical  Aspects  of  Cast  Iron  Grinding  Media  Wear 
and  Its  Effect  on  notation;  I.  Iwasaki*  (Present  address: 

Central  Research  Institute,  Mitsubishi  Materials  Corp.,  1-297 
Kitaburocho,  Omiya,  Saitaraa  330.  Japan)  and  V.  Rajagopal,  Dept, 
of  Civil  and  Mineral  Engineering,  University  of  Minnesota,  Min- 
neamlis,  MN  55455-0220 

The  electrochemical  and  wear  behavior  of  a  series  of  chromi¬ 
um-containing  cast  iron  balls  with  Cr  contents  ranging  from  0  to 
29%  were  investigated  with  regard  to  their  abrasion  and  corrosion 
properties  as  well  as  their  effects  on  the  flotation  behavior  of 
pyrrhotite.  The  matrix  Cr  contents  were  related  to  the  general 
and/or  pitting  corrosion  behavior  of  ball  materials  under  abrasive 
and  static  conditions.  The  passivation  behavior  of  ball  materials 
was  in  direct  correlation  with  the  flotabilities  of  pyrrhotite  ground 
under  a  nitrogen  or  oxygen  atmosphere. 

369  An  Electrochemical  Study  of  Sulfide  Mineral-Grinding 
Medium  Contact  and  Its  Relevance  to  Flotation;  X.  Li.  *  Al¬ 
lied-Signal  Inc.,  Morristown,  NJ  07962,  f.  Iwasaki,  Central  Re¬ 
search  Institute,  Mitsubishi  Materials  Corp.,  1-297  Kitaburocho, 
Omiya,  Saitama  330,  Japan 

A  cathodic  decomposition  model  for  chalcopyrite  in  a  neutral 
pH  solution,  simulating  the  conditions  in  wet  grinding  mills,  is 
proposed  through  open-circuit  potential  and  combination  poten¬ 
tial  measurements,  linear  potential  sweep  technique,  ciironoam- 
perometry  and  chronocoulometry,  and  surface  analysis  methods. 
Chalcopyrite  contacted  with  steel  grinding  media  undergoes  a  re¬ 
duction  reaction  and  the  mineral  surface  becomes  covered  with  a 
layer  consisting  of  FefOH),  and  CujS  The  FefOH).  layer  adversely 
affects  the  notability  of  chalcopyrite.  The  role  that  oxygen  plays  in 
the  collectorless  flotation  of  eathodically  polarized  ch^copyrite  is 
discussed 

370  Mechanism  of  Thionocarbamate  Interaction  in  Flotation 
Systems;  R.  H.  Yoon  and  C.  /.  Bostfio.  Virginia  Center  for 

Coal  and  Minerals  Processing.  Virginia  Polytechnic  Institute  and 
State  University,  Blacksburg,  Virginia  24061-0258 

The  adsorption  mechanism  of  thionocarbamate  interaction  in 
flotation  systems  has  been  investigated.  Voltammetry  suggests 
that  the  adsorption  of  thionocarbamate  is  probably  a  result  of  a 
coupled  reaction  of  the  EC-type,  involving  an  initial  electron 
transfer  step  (E).  followed  bv  a  chemical  reaction  (C).  Thus,  the 
adsorption  is  controlled  by  both  the  Ek  and  pK  of  the  system. 
In  situ  FTIR  spectroscopy  and  contact  angle  measurements  sup¬ 
port  the  mechanism  suggested  for  thionocarbamate  interaction. 

371  The  Role  of  Pulp  Redox  Potentials  and  Modifiers  in  Ctnn- 
plex  Sulfide  Flotation  with  Dithiophosphinates;  A.  Gorken. 

D  R.  Nagaraj.  and  P  J  Riccio,  American  Cyanamid  Co..  Stam¬ 
ford.  CT  06904 

liie  effect  of  pulp  redox  potentials  and  pH  on  the  flotation  re¬ 
sponse  of  sulfides  with  dialkyl  dithiophosphinate  was  investigated 
for  several  Cu/Pb/Zn  ores  in  the  presence  of  various  modifiers. 
Flotation  response  of  sulfides  was  found  to  be  strongly  dependent 
on  pulp  potential.  Galena  and  chalcopjmte  flotation  was  optimum 
in  the  range  of  -100  to  *60  mV  (Ag/A^l  ref  ).  The  optimum  in  zinc 
and  iron  sulfides  flotation  occurred  at  slightly  different  potentials 
(under  more  reducing  conditions,  for  example,  for  iron  sulfides). 

372  Mechanism  of  Sulfide  Depression  with  Functionalized 
Synthetic  Polymers;  D.  R.  Nagaraj,  American  Cyanamid 

Co .  Stamford,  CT  06904.  C.  S.  Basilio  and  R.  H.  Yoon,  Dept,  of 
Mining  and  Minerals  Engineering,  Virginia  Polytechnic  Institute. 
Black^urg,  VA  24061 

Polymeric  depressants  can  offer  several  advantages  over  the 
commonly  used  depressants  in  sulfide  mineral  flotation.  Their  use 
is.  however,  limited  to  polysaccharides  for  a  few  specific  applica¬ 
tions  Functionalized,  synthetic  polymers  or  modified  natural 

firoducts  such  xanthates  of  polysaccharides  have  remained 
argely  a  labo  jiory  curiosity.  Several  synthetic  polymeric  depres¬ 
sants  have  been  developed  recently  by  American  Cyanamid.  The 
mode  of  action  of  one  such  polymer  containing  a  thiourea  func¬ 
tionality  in  Cu-Mo  separation,  and  the  significant  role  of  redox 
potentials  (modified  by  NaHS)  in  achieving  selectivity  are  dis¬ 
cussed. 

373  faitcTacthm  of  Ethyl  Xanthate  with  Silver  and  Silver/Gotd 
Alloys;  R.  Woods,*  CSIRO  Div  of  Mineral  Products,  Port 
Melbourne,  Victoria  3207,  Australia,  C.  /.  Basilio,  D.  S.  Kim,  and 
R.  H  Yoon,  Virginia  Center  for  Coal  and  Mineral  Processing,  Vir- 

finia  Polytechnic  Institute  and  State  University,  Blacksburg.  VA 
4061 

The  interaction  of  ethyl  xanthate  with  silver  and  silver/gold  al¬ 
loys  has  been  investigated  by  voltammetry.  FTIR  spectroscopy, 
UV/Vis  spectroscopy,  and  measurements  of  contact  angle.  Chem¬ 
isorption  of  xanthate  occurs  on  the  silver  and  alloy  surfaces  prior 


to  silver  xanthate  formation  and  renders  the  surfaces  hydropho¬ 
bic.  Coverage  of  chemisorbed  xanthate  was  found  to  obey  a 
Frumkin  isotherm.  Eh-pH  diagrams  have  been  constructed  that 
include  chemisorption  in  addition  to  silver  xanthate  and  dixan- 
thogen  formation. 

374  Interpretation  of  Electrode  Responses  with  the  Help  of  a 
Multivariate  Technique;  B.  I.  Pdlsson  and  E.  Oberg,  Div.  of 

Mineral  Processing,  Lule5  University  of  Technology,  S-951  87 
LuleS,  Sweden 

Simultaneous  laboratory  measurements  in  flotation  pulps  with 
different  electrodes  under  conditions  of  varying  pulp  chemistry 
are  reported.  It  is  found  that  the  redox  potential  as  measured  with 
a  glassy  carbon  electrode  correlates  better  with  the  response  of  an 
oxygen  probe,  than  the  traditional  Pt-foil  redox  electrode.  The 
glassy  carbon  electrode  also  behaves  in  a  way  which  averages  the 
responses  of  mineral  electrodes  of  pyrite,  galena,  and  to  some  ex¬ 
tent  chalcopyrite. 

375  Voltammetric  Determination  of  Surface  Species  on  Sulfide 
Minerals  in  Flotation  Pulps;  L.  Griffin  and  N.  W.  Johnson, 

Mineral  Processing  Research,  Mount  Isa  Mines  Limited,  Mount 
Isa,  Queensland,  Australia  4825,  D.  F.  A.  Koch  and  Y.  Ram- 
prakash.  Dept,  of  Chemical  Engineering,  Monash  University, 
Clayton,  Victoria,  Australia  3168,  R.  Woods,  CSIRO  Div.  of  Miner¬ 
al  Products,  Port  Melbourne,  Victoria,  Australia  3207 

Voltammetry  has  been  us^  to  determine  the  products  of  inter¬ 
action  of  sulfide  minerals  with  iron(II),  cyanide,  sulfide,  and  xan¬ 
thate  ions  in  flotation  pulps.  A  multilayer  of  sulfur  was  shown  to 
form  on  pyrite  and  chalcopyrite  when  present  in  a  flotation  pulp 
containing  cyanide  and  sulfide  ions,  but  this  resulted  in  a  flotation 
recovery  of  these  minerals  of  no  more  than  10%.  The  presence  of  a 
collector  was  necessary  for  efficient  flotation  in  this  system. 

376  Pulp  Chemistry  in  Pyrite  Pre-  and  Reverse  Flotation;  M.  Xu 

and  J.  A.  Finch,  Dept,  of  Mining  and  Metallurgical  Engi¬ 
neering.  McGill  University,  Montreal  ^e.,  Canada  H3A  2A7 
The  McGill  mobile  pilot  flotation  facility,  and  the  on-line  sys¬ 
tem  for  measuring  pH,  DO,  and  Ep,  is  described.  The  effect  of  gas 
composition  (Oj,  Nj,  and  air),  lime,  SOi,  and  temperature  on  the 
pulp  chemistry  was  determined  in  pyrite  pre-  and  reverse-flota¬ 
tion  in  a  Zn  flotation  circuit.  The  interrelation  between  pH,  DO. 
and  Ep  is  examined.  It  is  shown  that  pulp  potential  is  correlated 
with  metallurgical  performance. 

377  The  Interaction  of  Ethyl  Xanthate  with  Pyrite;  J.  Ralston* 
and  D.  Fomasiero,  School  of  Chemical  Technology,  Univer¬ 
sity  of  South  Australia,  The  Levels.  S.A.  5095  Australia 

The  interaction  of  ethyl  xanthate  with  pyrite  is  shown  to  be 
controlled  by  redox  processes  and  surface  chemistry.  In  the  latter 
case  the  distribution  of  positive  and  negative  surface  sites  permits 
both  a  kinetic  description  of  the  decomposition  of  ethyl  xanthate 
as  a  1  unction  of  pH  to  be  obtained,  as  well  as  a  quantitative  expla¬ 
nation  of  the  pH  dependence  of  pyrite  flotation.  This  behavior  has 
hitherto  eluded  an  oveall  quantitative  interpretation. 

378  The  Effect  of  EDTA  on  Collectorless  Flotation  of  Pyrite; 

S.  Chander  and  J.  Pang,  Mineral  Processing  Section,  Penn¬ 
sylvania  State  University,  University  Park,  PA  16802 

It  is  generally  recognized  that  flotation  of  pyrite  can  be  modu¬ 
lated  by  adding  chelating  agents,  but  the  mechanism  is  not  fully 
understood.  To  determine  the  flotation  mechanism,  several  elec¬ 
trochemical  and  wetting  studies  were  made  in  the  pyrite-ethylene- 
diamine  tetraacetic  acid  (EDTA)  system.  The  results  show  that 
EDTA  interacts  with  pyrite  surface  through  several  reactions  in¬ 
volving  dissolution,  complexation,  and  adso^tion.  The  flotation 
response  depends  on  the  extent  of  these  reactions  which  is  a  func¬ 
tion  of  the  reagent  concentration  and  the  rate  and  severity  of 
pyrite  oxidation. 

379  An  Electrochemical  Study  of  Selective  Deactivation/De- 
picssion  of  Cu(Il)-ActivatM  Pyrite  and  Arsenopyrite;  X.-H. 

Wang  and  C.-L.  Jiang,  Dept,  of  Miniiu  Engineering,  University  of 
Kentucky,  Lexington,  KY  40506,  D.  Z.  Xuan,  Beijing  General  Re¬ 
search  Institute  of  Mining  and  Metallurgy,  Beijing,  China,  E. 
Forssbety,  Div.  of  Mineral  Processing,  Lulea  University  of  Tech- 
nolray,  S-951  87  Lule,  Sweden 

TVo  new  effective  method  were  developed  for  selective  sepa¬ 
ration  of  pyrite  from  arsenopyrite.  Pyrite  and  arsenopjmte,  when 
activated  with  Cu(II)  ions,  exhibit  similar  floatability  in  alkaline 
solutions  when  xanthates  are  used  as  collectors.  The  first  separa¬ 
tion  method  involves  selective  deactivation  of  pyrite.  When  the 
flotation  pulp  containing  pmte  and  arsenopyrite  which  were  acti¬ 
vated  with  C^dl)  ions  at  pH  =  1 1  is  acidified  to  pH  around  6,  selec¬ 
tive  deactivation  of  pyrite  takes  place,  while  no  effect  exerts  on 
the  arsenopyrite.  In  the  second  method,  alkali-earth  metal  ions 
were  used  to  selectively  droress  Cu(II)-activated  arsenopyrite.  In 
the  presence  of  Sri’  and  Ba*',  arsenopyrite  is  completely  depressed 
at  pH  above  8.5,  while  the  notability  of  pyrite  remains  unaffected. 
The  principles  involved  in  the  processes  were  studied  using  elec¬ 
trochemical  techniques  and  ESCA  surface  analysis. 

386  Surface  Layer  Structure  of  Sulfide  Mineral  Treated  in 
niol  Collector  Solutions;  E.  Suoninen*  and  K.  Laajalehto, 
University  of  Turku,  Laboratory  of  Materials  Science,  luinen 
Pitkakatu  1,  SF-20520  Turku,  Finland.  S.  Heimala,  Outokumpu 
Research  Ov,  SF-208I01  Pori.  Finland 
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By  employing  a  method  designed  to  preserve  volatile  compo¬ 
nents  of  the  surface  adsorption  layer  prepared  in  aqueous  solution, 
existence  of  ethyl  dixanthogen  has  bwn  concluded  from  XFS 
measurements  of  pyrite  surfaces  treated  in  potassium  ethyl  xan- 
thate  solution  within  a  certain  range  of  combinations  of  pH  and 
Ef  Voltammetric  measurements  of  similar  samples  are  in  agree¬ 
ment  with  the  XPS  results.  Flotation  tests  indicate  increase  of  sur¬ 
face  hydrophobicity  due  to  presence  of  dixanthogen  in  the  adsorp¬ 
tion  layer. 

381  The  Interaction  of  Diethyl  Dithiophosphate  with  Freshly 
Exposed  Galena  and  Ch^cocite  Surfaces;  A.  N.  Buckley, 

CSIRO  Div.  of  Coal  and  Energy  Technology,  North  Hyde,  NSW 
2113,  Australia,  R.  Woods,  CSIRO  Div.  of  Mineral  Prodiucts,  Port 
Melbourne,  Victoria  3207,  Australia 

Interaction  of  diethyl  dithiophc^hate  (DTP)  with  galena  at  pH 
5  and  chalcocite  at  pH  9  has  bwn  investigated  by  electrochemical 
and  electron  spectroscopic  techniques.  Adsorption  of  DTP  on  gale¬ 
na  was  very  slow.  The  S(2p)  binding  energy  of  a  submonolayer  was 
less  than  that  expected  tor  Pb(DTP)2.  Adsorption  was  rapid  on 
chalcocite,  with  chemisorption  preceding  multilayer  CuDTP  for¬ 
mation.  The  Cu{LMM)  Auger  spectrum  when  only  the  monolayer 
was  present  was  similar  to  that  for  chalcocite  and  different  from 
that  for  multilayers. 

382  Electrochemical  AC  Impedance  and  X-ray  Photoelectron 
Spectroscopic  Studies  of  Interaction  of  Phenyl  Thiourea 

with  Coal  Pyrite  Surface:  S.  U.  M.  Khan  and  T.  J.  Farley,  Dept,  of 
Chemistry’.  Duquesne  University,  Pittsburgh,  PA  15282,  J.  P.  Bul- 
trus,  US  Dept,  of  Energy,  Pittsburgh  Energy  Technology  Center, 
Pittsburgh.  PA  15236 

Phenyl  thiourea  was  found  to  behave  as  a  better  flotation  agent 
compared  to  ethyl  xanthate  for  coal  pyrite  and  the  percentage  of 
flotation  recovery’  was  found  potential  dependent.  AC  impedance 
data  also  indicate  potential  dependent  adsorption  of  phenyl 
thiourea.  XPS  results  of  N  Is  and  S  2p  spectra  clearly  indicate  the 
adsorption  of  phenyl  thiourea  on  the  coal  Pyrite  surface  and  in¬ 
crease  adsorption  under  potential  control.  TTiese  results  suggest 
that  the  chemisorption  of  PTU  renders  the  pyrite  surface  highly 
hvdrophobic  under  applied  potential  to  attain  the  highest  degree 
of  pyrite  floatability. 

383  XPS  Study  of  the  Butyl  Xanthate  Adsorption  on  the 
Galena  Surface:  A.  V.  Shchukarev,  G.  N.  Mashevsky,  and 

T.  O.  Nechiporenko,  Research  Analvtical  Complex  "telK- 
HANOBR-ANALYT,”  St  -Peterburg,  USSR  199026 

Adsorption  of  butyl  xanthate  on  the  surface  of  galena  (powder 
of  flotation  size  45-60  mkm)  and  chemical  nature  of  species  form¬ 
ing  under  different  pH  and  xanthate  concentration  were  studied 
by  means  of  XPS.  TTie  main  products  of  flotoreagent  interaction 
with  lead  hydroxide  layer  on  the  galena  are  PbS,  PbOHBuX,  and 
PbfBuX),  ’fhe  forming  of  individual  compounds  depends  on  xan¬ 
thate  concentration  and  pH  of  pulp.  In  dilute  solutions  (10-^  M)  the 
collector  acts  to  a  great  extent  like  sulfidizator,  giving  PbS,  for 
10  '-10  ■  M  concentrations  main  product  of  Pb(BuX)2.  PbOHBuX 
formation  is  preferable  under  more  basic  pH.  Maximal  xanthate 
adsorption  was  found  under  pH  =  10.5. 

384  Photoelectrochemical  Behavior  of  Chalcopyrite  (CuFeSi)  in 
Alkaline  Solutions;  G.  H.  Kelsall.  Dept,  of  Mineral  Re¬ 
sources  Engineering.  Imperial  College,  Lonefon,  England  SWZ 
2BP.  F  W.  H.  Dean,  Dept  of  Mining  and  Mineral  Engineering, 
University  of  Leeds,  Leeds,  England  LS2  9JT 

’The  oxidation  of  chalcopyrite  (CuFeS^),  the  principal  mineral 
source  of  copper,  has  been  studied  in  aqueous  borate  electrolytes 
(pH  9.2)  using  photocurrent  voltammetry  and  spectroscopy.  In  the 
potential  range  -0.2  to  +0.4  V  vs.  SCE.  FejOj/Fe(OH),  was  formed 
producing  photo-anodic  currents,  but  leaving  the  copper  and  sul¬ 
fur  as  CuFe,  ^j/CuSj*  in  the  chalcopyrite  lattice.  At  >0.4  V  vs. 
SCE.  the  iron-depleted  film  decomposed,  greatly  enhancing  the 
chalcopyrite  decomposition  rate  and  forming  CuO/Cu(OH)2, 
which  on  reduction  during  a  subsequent  negative-going  potential 
sweep,  produced  photo-cathodic  currents. 

385  Electrochemical  Oxidation  of  Chalcopyrite  (CuFeSi)  in  Al¬ 
kaline  Solutions:  G.  H.  Kelsall,  Dept,  of  Mineral  Resources 

Engineering,  Imperial  College,  London,  England  SWT  2BP. 
K.  E.  R.  England,  D.  J.  Vaughan,  and  Q.  Yin,  Dept,  of  Geology, 
University  of  Manchester.  Manchester,  England  M13  9PL 

The  mechanism  and  products  of  the  oxidation  of  chalcopyrite 
(CuFeSj),  the  principal  mineral  source  of  copper,  have  been  stud¬ 
ied  in  alkaline  electrolytes  (pH  9.2  and  12.7)  using  cyclic  and  po¬ 
tential  step  voltammetry,  with  subsmuent  surface  analysis  by  x- 
ray  photoelectron  spectroscopy  (Xl^  and  Auger  electron  mec- 
troscopy  (AES).  At  pH  9.2  and  potentials  <0.4  V  vs.  SCE, 
Fe,Oj/r^OH)j  was  formed,  leaving  the  copper  and  sulfur  as  CuSj* 
in  the  chalcopyrite  lattice,  which  remain^  in  tact.  No  evidence 
was  found  for  CuFe,(X.  At  >0.4  V  vs.  SCE.  the  CuS,*  film  decom¬ 
posed.  forming  CuO/Cu(OHh  and  greatly  enhancing  the  underly¬ 
ing  chalcopyrite  decomposition  rate, 

38C  ’The  PhotoelcctiochciiiistTy  of  In  Situ  Fractured  Pyrite 
Electrodes:  P.  E.  Richardson,  Y.  Li,  and  R.-H.  Yoon,  Dept. 
Of  Mining  and  Minerals  Engineering.  Virginia  Polytechnic  Insti¬ 
tute  and  State  University.  Blacksburg,  VA  24061-0258 


The  oxidation  of  in  situ  fractured  natural  mineral  pyrite  elec¬ 
trodes  has  been  studied  using  electrochemical  and  photoelectro¬ 
chemical  techniques.  No  photocurrent  (PC)  is  observable  on  fresh¬ 
ly  fractured  pyrite  under  steady  illumination.  However,  with 
chopped  illumination,  an  anodic  PC  is  observed  over  the  range  of 
approximately  -1.0  to  0.2  V,  SCE  at  pH  9.2.  ’The  structural  features 
of  the  PC  as  a  function  of  electrode  response  reflect  oxidation  and 
reduction  processs  occurring  on  the  electrodes.  At  cleavage,  a 
spontaneous  PC  is  observetT  suggesting  instantaneous  upward 
band  bending,  probably  due  to  fast  intrinsic  surface  states. 

387  Interfacial  Electrochemistry  of  Semiconductor  Pyrite; 

K.  K.  Mishra,  MEMC  Electronic  Materials  Inc.,  St.  Peters, 
MO  63376,  K.  Osseo-Asare,  Dept,  of  Materials  Science  and  Engi¬ 
neering,  Pennsylvania  State  University,  University  Park,  PA 
16802 

Pyrite  (FeSjl/electrolyte  interactions  have  been  studied  using 
both  natural  and  synthetic  pjrite  samples  and  electrochemical, 
photoelectrochemical,  and  surface  anmysis  techniques  Charge 
transfer  studies  across  the  pyrite/electrolyte  junction  were  con¬ 
ducted  in  the  presence  of  L,  Br,  FefCNle*’,  and  CL  in  an  aqueous 
solvent,  and  in  the  presence  of  ferrocene  and  ’TMPD  in  a  nonaque- 
ous  solvent  system.  The  electrochemical  behavior  of  pyrite  is  com¬ 
pared  and  contrasted  with  that  of  noble  metals  and  other  semicon¬ 
ductors.  Finally,  oxidation  of  pyrite  is  discussed  in  the  light  of 
these  results. 

388  Electrochemical  Studies  of  Iron  Sulfides  in  Relation  to 
Their  Atmospheric  Oxidation  and  Prevention  of  Acid 

Drainage;  Part  II;  S.  M.  Ahmed  and  E.  Giziewicz,  Canada  Center 
for  Mineral  and  Energy  Technology,  Mineral  Sciences  Laborato¬ 
ries,  Ottawa,  Ont.,  Canada  KIA  OGl 

Oxygen  reduction  on  pyrite  (FeS2)  and  pyn-hotite  (FeS)  and  re¬ 
lated  rMox  reactions  have  been  studied  using  RDE  and  RRDE. 
'The  mechanism  of  charge  transfer  in  the  oxidation  and  dissolution 
of  pyrite  has  been  examined  in  light  of  the  energy  level  diagrams 
and  the  semiconducting  nature  of  FeSi.  'The  problem  of  the  “acid 
mine  drainage"  resulting  from  the  atmospheric  oxidation  of  the 
iron  sulfides  has  also  been  examined.  Methods  of  preventing  the 
AMD  by  cathodic  protection  and  by  growing  passive,  iron  oxide 
films  on  FeSj  and  FeS  (on  electrodes  only)  have  been  developed. 

389  ’Transpassive  Oxidation  of  Pyrite:  X.  Zhu,  J.  Li,  D.  M.  Bod¬ 
ily,  and  Af.  E.  Wadsuiorth,  Dept,  of  Metallurgical  Engineer¬ 
ing,  University  of  Utah,  Salt  Lake  City,  UT  84112 

’The  electrochemical  behavior  of  mineral  and  coal  pyrites  in  ba¬ 
sic  solutions  was  investigated  using  cyclic  voltammetry.  Emphasis 
was  centered  on  transpassive  oxidation,  where  aggressive  oxida¬ 
tion  of  pyrite  occurred  just  prior  to  oxygen  evolution.  The  reaction 
products  in  this  region  were  Fe(III)  oxide+  and  partially  oxidized 
sulfur  intermediates  and  sulfate  ion,  ’The  Fe(III)  oxides  and  sulfur 
intermediates  were  identified  indirectly  by  ferrous  hydroxide  and 
ferrous  sulfide  formation  during  cathodic/anodic  scan  reversal, 
and  directly  by  Raman  spectroscopy  and  electron  microprobe 
analyses. 

390  Comparative  Studies  of  Surface  Properties  of  Pyrite  from 
Coal  and  Ore  Sources:  X.-H.  Wang,  C.  L.  Jiang,  A.  M. 

Raichur,  and  J.  W.  Leonard,  Dept,  of  Mining  Engineering,  Univer¬ 
sity  of  Kentucky,  Lexington.  KY  40506,  B.  K.  Parekh,  Center  for 
Applied  Energy  Research,  University  of  Kentucky,  Lexington,  KY 
40511 

’The  electrochemical  reactivity  and  surface  properties  of  pyrite 
from  coal  and  ore  sources  were  investigated.  ’The  electrochemical 
studies  indicate  that  an  oxidation  layer  is  rapidly  formed  on  the 
pyrite  surfaces  even  when  the  electrode  is  polished  under  nitrogen 
and  with  deoxygenated  water.  ’The  initial  process  of  pyrite  surface 
oxidation  is  controlled  by  the  adsorption  and  discharge  of  hydrox¬ 
ide  ions/water  molecules,  independent  of  the  solution  pH,  source 
and  semiconducting  properties.  ’The  results  obtained  from 
film/micro  flotation  and  contact  angle  titration  studies  show  that 
pyrites  from  different  sources  exhibit  similar  surface  hydropho¬ 
bicity,  thowh  the  thickness  of  the  surface  oxidation  layers  may  be 
different.  ’The  results  are  compared  with  surface  studies  by  SEM 
to  elucidate  the  pyrite  surface  oxidation  mechanisms. 

391  Electrochemical  Kinetics  of  Silver  Dissolution  in  Cyanide 
Solutions:  J.  Li  and  M.  E.  Wadstoorth,  Dgit.  of  Metallurgi¬ 
cal  Engineering,  University  of  Utah,  Salt  Lake  Cfity,  Utah  84112 

’The  electrochemical  kinetics  for  anodic  dissolution  of  silver  in 
cyanide  solutions  were  measured  using  interval  potentiodynamic 
scanning,  cyclic  voltammetry,  potentiostatic  scanning,  and 
impedance  techniques.  Couplra  charge  transfer,  plus  boundary 
dimision  of  cyanide  ions  from  the  bulk  solution  to  the  sil'ver  sur¬ 
face,  were  found  to  be  rate  limiting.  Experimental  results  were 
well  correlated  by  kinetic  expressions  derived  using  Butler- 
Volmer  and  Levich  equations.  The  activation  eneqg  for  the  charge 
transfer  process  and  the  coefficient  for  cyanide  dimision  were  de¬ 
termined.  The  model  derived  for  the  anodic  dissolution  of  silver 
was  in  accord  with  results  obtained  from  separate  impedance 
measurements. 

392  ’Tbemiodyiiaiiiic  Equilibriimi  Caleulations  on  Au/Ag- 
Lixiviant  Systems  Relevant  to  Gold  Extraction  from  Com¬ 
plex  Ores:  X.-H.  Wang,  Dept,  of  Mining  Engineering,  University  of 
Kentucky,  Lexington,  KY  40506 
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Thermodynamic  equilii-rium  calculations  were  performed  on 
Au/Ag-lixiviant  systems  to  study  the  feasibility  of  extracting  gold 
from  complex  ores  using  noncyanide  lixiviants.  A  number  of  po¬ 
tential  lixiviants,  including  chloride,  bromide,  iodide,  thiourea, 
ammonia,  thiosulfate,  and  their  combinations  were  compared  with 
cyanide.  The  results  demonstrate  that  all  these  lixiviants  can  dis¬ 
solve  gold  and  form  gold-lixiviant  complexes.  However,  the  halo¬ 
gen  lixiviants  (Cb,  Br,  and  I  )  need  much  higher  oxidation  poten¬ 
tial  and  acidic  pH  to  dissolve  gold  than  cyanide  did.  Gold  and  sil¬ 
ver  dissolve  in  thiosulfate  and  ammonia,  as  well  as  thiosulfate- 
ammonia  mixture  solutions,  under  conditions  comparable  to 
cyanide,  indicating  these  two  chemicals  can  be  effective  lixiviants 
for  gold  extraction.  The  electrochemical  studies  with  gold  elec¬ 
trode  in  the  above  lixiviant  solutions  confirmed  the  conclusions 
drawn  from  the  thermodynamic  calculations. 

393  Gold  Leaching  and  Becoveiy:  The  Bromide  Process: 

A.  Dadgar'  and  J.  Howarth,  Great  Lakes  Chemical  Corp., 
West  Lafayette,  IN  47906 

Gold  esrtraction  and  recovery  for  gold  ores  and  concentrates 
were  investigated  using  cyanide  and  bromine  reagents.  Gold  ex¬ 
tractions  for  cyanide  leaching  (24-48  h)  and  bromine  leaching  (4-6 
h)  were  the  same  and  ranged  from  92  to  96%.  Gold  recoveries  from 
bromine  pregnant  solutions  using  carbon  adsorption,  ion  ex¬ 
change.  solvent  extraction,  zinc  precipitation,  and  electrowinning 
methods  were  better  than  99.6%.  Commercially  available  undivid¬ 
ed  cells  were  used  to  generate  bromine  from  simulated  solutions. 
Electrolyses  were  pertormed  with  solutions  containing  different 
levels  of  bromide  ion.  The  current  efficiencies  were  high  (80-90%) 
and  unaffected  by  the  bromide  concentrations  (over  the  range  of 
2  5-5  0%).  The  electrochemical  module  was  capable  of  delivering 
0.6  kg  bromine  per  hour  at  a  cost  of  8.5«  per  kg.  Using  these  fig¬ 
ures,  a  detailed  economic  assessment  for  a  1000  mtpd  gold  ore  pro¬ 
cessing  plant  was  made.  Electrc’ytic  regeneration  of  bromine  in  a 
gold  leach/recovery  circuit  dramatically  improves  the  process  eco¬ 
nomics  over  cyanidation 

394  Complex  Technology  of  Electrochemical  Water  Treatment 
with  Regeneration  of  Valuable  Components  in  Electroplat¬ 
ing  Production;  V  A.  Kolesnikov,  E.  A.  Shalyt,  and  P.  K.  Aari- 
nola,  Mendeleev  Institute  of  Chemical  Technology,  Moscow 
125190,  USSR 

The  complex  of  techniques  developed  in  the  MChTI  includes 
electrolysis,  electrochemical  correction  pH.  electroflotation,  elec¬ 
trodialysis,  and  provides  removal  of  impurities  down  to  the  resid¬ 
ual  concentration  of  0.01  mg/1  when  initial  concentration  is  not 
limited  Necessary  exposition  is  about  10  min  for  every  technique. 
On  the  basis  of  experimental  study  and  computer  simulation,  the 
authors  optimized  apparatus  design  and  the  operation  mode  of 
techniques  The  most  technical  ideas  have  been  patented.  Com¬ 
mercial  modules  having  an  output  of  1  -20  m’/h  operate  successful¬ 
ly  at  5  factories,  and  more  modules  are  under  installation.  The  eco¬ 
nomic  benefit  of  one  module  is  100-400  thousand  of  roubles  year¬ 
ly. 

395  A  Comparative  EIS  Study  on  Cermet  and  Platinum  Anodes 
for  the  Electrolytic  Production  of  Aluminum:  C.  F.  Win- 

disch.  Jr..  Pacific  Northwest  Laboratory.  Richland,  WA  99352 

Electrochemical  impedance  spectra  were  obtained  for  NiO- 
NiFe.O,-Cu  cermet  ancles  and  platinum  anodes  during  the  elec¬ 
trolysis  of  alumina-saturated  molten  cryolite  at  983'C.  When  the 
anodes  were  polarized  above  the  decomposition  potential  for  alu¬ 
mina.  an  imf^ance  loop  was  obtained  with  a  characteristic  fre- 

uency  of  about  1  Hz.  Analysis  of  the  data  suggests  the  loop  was 

ue  to  oxygen  gas  bubbles  produced  at  the  an^es.  Features  asso¬ 
ciated  with  charge-transfer  processes  were  not  sufficiently  re¬ 
solved  to  determine  the  corrosion  properties  of  the  cermet  anode. 

396  Solid  Metal  Reductive  Stripping  of  Cerium  from  Tri-n- 
Butyl  Phosphate;  T.  J.  O'Keefe  and  J.  D.  Dillon  III,  Gradu¬ 
ate  Center  for  Materials  Research,  University  of  Missouri-RoUa, 
Rolla,  MO  65401 

Solvent  extraction  is  used  extensively  in  the  processing  of  the 
rare  earth  metals.  Recently,  it  has  been  shown  that  redox  reactions 
are  feasible  in  many  organic  extractant/inert  diluent  systems  us¬ 
ing  metal  reductants.  It  was  demonstrated  in  this  study  that  Ce(IV) 
could  be  effectively  reduced  to  Ceflll)  in  a  tri-n-butyl  phosphate 
(TBP)  solvent.  In  the  reduced  state,  the  Ce  was  found  to  be  much 
easier  to  strip  into  the  aqueous  phase.  Whereas  Ce(IV)  is  difficult 
to  strip  even  with  concentrated  (41V)  acids,  the  CedTI)  was  readily 
removed  using  water. 

397  The  Electrochendcal  Behavior  of  Group  V  EleoMuts  during 
Ct^per  Deponthm:  J.  B.  Hiskey,  Oept.  of  Materials  Science 

and  E:igineering,  University  of  Arizona,  Tucson,  AZ  85721.  V, 
Moedo.  Nippon  Mining  Co.  Ltd.,  Japan 

The  electrochemiem  behavior  of  copper  deposition  in  the  pres¬ 
ence  of  Group  V  elements  (arsenic,  antimony,  and  bismuth)  was 
investigated  using  several  nonsteady-state  techniques.  Electro- 
deposition  was  carried  out  in  cimric  sulfate  electrolytes  containing 
45  g/liter  Cu*‘  and  200  g/Iiter  H,SO,  maintained  at  63‘C  Group  V 
elements  behave  as  depolarizers  towards  copper  deposition  and 
hydrogen  evolution.  Linear  sw^  voltammetry  for  the  As-con¬ 
taining  electrolyte  is  characterizM  by  two  reduction  peaks.  The 
first  peak  corresponding  to  copper  deposition  and  the  second  to 
arsenic  reduction  at  approximately  -0  33  V  Cyclic  voltammetry 


data  were  collected  to  obtain  detailed  information  about  the  effect 
of  Group  V  impurities  on  the  mechanism  of  copper  deposition. 

398  Mass  Transport  in  High-Current-Density  Zinc  Electrowin¬ 
ning:  K.  J.  Cathro,  Div.  of  Mineral  Products,  CSIRO,  Port 

Melbourne,  Victoria  3207,  Australia 

Limiting  mass  transfer  coefficients  have  been  measured  for 
zinc  during  zinc  deposition  covering  the  ranges  50-1000  mA  cm-^ 
for  current  density,  25-400  cm  s  '  for  flow  velocity,  and  30-70‘C  for 
temperature.  The  transfer  coefficients  were  consistently  much 
greater  than  those  calculated  from  published  correlation  ^na¬ 
tions,  probably  due  to  coevolution  of  h;  irogen.  Extrapolation  to 
zero-hydrogen  conditions  gave  coefficient  values  in  substantial 
agreement  with  those  calcmated  from  correlations. 

399  Full-Scale  Hydrogen  Diffusion  Anodes  for  Immersed  Tank 
Electrowinning  and  Electroplating:  P.  C.  Poller,  R.  J.  Allen, 

and  R.  Vora,  E-TEK,  Inc.,  Framingham  Industrial  Park,  Framing¬ 
ham,  MA  01701 

Immersed  1.2  m*  hydrogen  diffusion  anodes  have  been  tested  in 
zinc  electrowinning.  At  500  A/m",  1.9  V  savings  are  achieved  vs. 
oxygen  evolution,  'file  electrodes  were  prepa:^’  ly  the  lamination 
of  a  polyir:eric  anti-gas  percolation  coating  tc  the  catalyzed  sur¬ 
face  of  a  heavy  carbon  cloth.  The  cloth  is  then  laminated  with  car¬ 
bon  epoxy  to  a  lead  substrate.  The  coating  constrains  hydrogen 
within  the  cloth;  it  flows  between  the  catalyst  and  the  epoxy  bond. 
Utilization  is  over  90%. 

406  Cathodic  Reduction  of  Hg(II)-CI(I)  Complex  on  Ag-Hg 
Electrode:  Q.  Yin,  Dept,  of  Grology,  University  of  Man¬ 
chester,  Manchester,  England  M13  9PL 

The  cathodic  reduction  mechanism  of  the  Hg^*-Cl-  complex  on 
the  Ag-Hg  electrode  in  aqueous  solution  is  varied  with  the  concen¬ 
tration  of  the  complex.  In  concentrated  mercury  chloride  elec¬ 
trolyte,  the  reduction  process  is  controlled  by  Ohm  polarization; 
while  in  dilute  merci^  chloride  el  -ctrolyte,  the  process  is  con¬ 
trolled  by  concentration  polarization.  For  the  latter  process,  the 
apparent  activation  energy  for  reduction  of  Hg“'-Cl‘  complex  to 
mercury  has  been  determined  to  be  1 1.631  kj/mol  and  the  diffu¬ 
sion  coefficient  of  Hg^'-CI  complex  has  been  determined  to  be 
4.388  X  10  *  cmVs.  The  cathodic  reduction  process  is  also  signifi¬ 
cantly  affected  by  the  formed  HgjCUIs)  layer  on  the  electrode  sur¬ 
face,  and  it  has  been  found  to  l>e  3.905  x  10  *  mol/cm*  as  the  elec¬ 
trode  is  stationary  and  the  concentration  of  mercury  chloride  is 
0.05588Af. 

INDUSTRIAL  ElKTROORGANIC  PRCXESS 
Industrial  Electrolysis  and  Electrochemical  Engineering 

401  Organic  Electrosynthesis  at  Extended  Area  Nickel  Elec¬ 
trizes:  C.  J.  Brown  and  D.  Fletcher,  Dept,  of  Chemistry, 

University  of  Southampton,  Highfield,  Southampton,  England 
S09  5NH 

Extended  area  electrodes  are  a  good  choice  for  electrosynthesis 
requiring  a  low  current  density  due  to  slow  kinetics  or  poor  solu¬ 
bility  of  reactants.  A  wide  variety  of  extended  area  nickel  materi¬ 
als  are  commercially  available  for  manufacture  into  suitable  elec¬ 
trodes.  Oxidation  of  various  alcohols  at  a  nickel  anode  in  aqueous 
base,  using  an  ICI  FMOl  parallel  plate  cell  have  been  studied. 
Clean  products  with  good  current  efficiencies  are  obtained. 

402  Oxidation  of  Methanol  on  a  Metallized  Polymer  Electrolyte 
Membrane;  R.  Liu  and  P.  Fedkiw,  Dept,  of  Chemical  Engi¬ 
neering,  North  Carolina  State  University,  Raleigh,  NC  27695-7905 

A  study  of  the  product  distribution  of  the  p^ial  electrooxida¬ 
tion  of  gaseous  methanol  using  a  platinized  Nafion  117  membrane 
has  been  conducted.  The  product  distribution  is  foimd  to  be  sensi¬ 
tive  to  the  morphology  of  the  electrode,  temperature,  methanol 
concentration,  and  water  content  in  the  reaction  zone.  The  goal  of 
this  work  was  to  manipulate  the  variables  so  to  increase  the  selec¬ 
tivity  of  a  particular  partial  oxidation  product.  Experimental  con¬ 
ditions  that  produced  formaldehyde,  methylformate,  or  methylal 
at  high  selectivities  (275%)  have  been  obtained  and  are  reported. 

403  The  Electrocatalytic  Hydrogenation  of  Soybean  Oil: 

G.  Yusem  and  P.  N.  Pintauro,  Dmt.  of  ChemicEU  Engineer¬ 
ing,  Tulane  University,  New  Orleans,  LA  70118 

A  novel  electrochemical  approach  for  hydrogenating  edible  oils 
has  been  developed.  Such  a  tei^ique  offers  the  advantages  of  less 
severe  opwating  conditions  and  improved  unsaturated  cis-isomer 
product  yield.  Siybean  oil  has  been  hydrogenated  electrocatalyti- 
cally  at  70°C  and  1  atmosphere  pressure  in  a  flow-through  reactor 
using  a  two-phase  oil-in-water  emulsion  and  a  Raney  mckel  pow¬ 
der  cathode,  fire  effects  of  reactor  operating  conditions  on  current 
efficiency  and  the  composition  of  the  hydrogenated  product  are 
presented. 

404  Direct  and  Indiroct  Electrochcniical  Epoxidatian  of  Olefins 
in  a  Sieve  Plate  Reactw:  C.  F.  Oduoza  and  K.  Scott,  Dept. 

of  Chermcal  and  Process  Engineering,  Umversity  of  Newcastle, 
Newcastle  upon  T^e,  England  NEl  7RU 

Experimental  data  is  presented  both  on  the  direct  and  indirect 
electrosynthesis  of  epomdes  in  a  batch  cell  and  sieve  plate  electro¬ 
chemical  reactor  (SPER).  High  current  efficiency  of  95.0%  was 
achieved  in  the  medium  of  harden  salts  compared  to  70%  in  alka- 
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line  medium,  which  fell  sharply  to  less  than  10%  with  time  of  elec¬ 
trolysis.  The  same  pattern  as  with  SPER  was  obtained  with  a 
batch  cell.  However,  the  relatively  higher  costs  of  halogen  salts 
compared  to  the  alkali  renders  their  use  less  competitive. 

405  A  Comparison  of  Some  Insoluble  Oxide  Catalysts  in  the 
Electro-Oxidation  of  Thioethers  in  Aqueous  Surfactant 

Suspensions;  T.  C.  Franklin,  R.  Nnodimele,  and  R.  C.  Duty,  Dept, 
of  Chemistry,  Baylor  University,  Waco,  TX  76798-7348 

Insoluble  oxides  were  suspended  with  cationic  surfactants  in 
aqueous  systems  and  electrol^ically  oxidized  to  higher  oxidation 
states.  Barium  peroxide  was  oxidized  to  barium  superoxide;  cop¬ 
per  (I)  and  copper  (II)  oxide  to  copper  (III)  oxide  and  manganese 
ill)  oxide  to  manganese  (III)  and  manganese  (IV)  oxides.  The  prod¬ 
ucts  and  yields  were  obtained  when  these  oxides  reacted  with  di- 
ethylsulfide.  The  superoxide  did  not  react;  Cu  (II)  destroyed  the 
compound  and  produced  the  sulfoxide;  Mn  (III)  produced  several 
products  and  Mn  (IV)  did  not  react. 

406  Electrochemical  Oxidation  of  Organic  Pollutants  for  Waste 
Water  Treatment:  Ch.  Comninellis,  Institute  of  Chemical 

Engineering,  Swiss  Federal  Institute  of  Technology,  CH-1015  Lau¬ 
sanne,  Switzerland 

The  possibilities  of  electrochemical  oxidation  for  the  treatment 
of  organic  pollutants  are  elucidated  and  the  nature  of  organic  pol¬ 
lutants  which  can  be  economically  treated  by  this  treatment  are 
discussed.  It  is  concluded  that  electrochemical  treatment  can  be 
used  as  a  pretreatment  step  (for  the  oxidation  of  the  refractory  or¬ 
ganic  pollutant  to  biodegradable  organic  compounds)  before  bio¬ 
logical  treatment 

I  Refractorv  1  E  T  F  Biodegradable  1  n  t 

COj  +  Biomass 

L  organic  J  L  organic  J 

407  Proton-Exchange  Membrane  Reactor  for  Removal  of  Or¬ 
ganic  and  Bacterial  Contaminants  from  Reclaimed  Water: 

L  M  Kaba,  S.  Srinivasan,  and  A  J.  Appleby,  Center  for  Electro¬ 
chemical  Systems  and  Hydrogen  Research,  Texas  A&M  Univer¬ 
sity,  College  Station,  TX”  77843-3402,  G.  D.  Hitchens  and  O.  J. 
Murphy.  Lynntech,  Inc.,  Bryan.  TX  77803 

An  electrochemical  reactor  that  utilizes  a  proton  exchange 
membrane  (PEM)  is  being  developed  for  the  removal  of  organic 
and  bacterial  contaminants  from  reclaimed  waters.  The  electro¬ 
chemical  procedure  is  the  final  step  in  waste  water  treatment  pri¬ 
or  to  reuse  and  constitutes  reducing  levels  of  o^anic  impurities 
from  100  ppm  to  <500  ppb  by  electro-oxidation.  The  electrochem¬ 
ical  cell  is  akin  to  a  proton  exchange  membrane  water  electrolyz¬ 
er  The  initial  experiments  were  carried  out  with  Pt-Ir  and'Pt 
coated  titanium  meshes  tor  the  anode  and  cathode,  respectively.  In 
order  to  enhance  the  energy  efficiency  tor  the  process  by  reducing 
the  anodic  currents  due  to*  oxygen  evolution.  SnOj  coated  Ti  an¬ 
odes  are  currently  being  used.  The  results  show  that  the  electric 
energy  consumption  for  the  removal  of  organic  contaminants  was 
reduced  by  a  factor  of  two  with  the  SnO;  rather  than  the  Pt-lr 
electrocatalysts. 

408  Hydrodime  -ization  of  Oimethylmaleate:  I.  Scouting;  J.  H. 

Wagenknecht,  M.  R.  Bagley,  E.  A.  Casanova.  M.  C.  Dutton. 
and  D  J.  Kalota,  Monsanto  Chemical  Co..  St  Louis,  MO  63167 
Butanetetracarboxylic  acid  (BTCA)  is  a  replacement  for  cur¬ 
rently  used  cross-linking  agents  for  permanent  press  cotton  fabnc 
BTCA  does  not  release  formaldehyae  as  currently  used  agents  do. 

A  process  to  produce  BTCA  involves  electrohydrodimenzation  of 
dimethylmaleate  (DMM)  followed  by  hydrolysis  It  has  been 
found  that  hydrodimenzation  of  DMM  proceeds  well  in  methanol 
containing  sodium  acetate  in  an  undivicfed  cell  with  graphite  elec¬ 
trodes  This  presentation  describes  the  work  leading  to  definition 
of  solvent,  electrolyte,  electrodes,  cell  type,  current  density,  etc. 

409  Hydrodimerization  of  Dimethylmaleate:  II.  Process  for 
Converting  Maleic  Anhydride  to  L2,3.4-Butanetetracar- 

boxylic  Acid:  D  J.  Kalota,  M  R  Bagley,  E  A  Casanova.  M.  C. 
Dutton,  and  J.  H.  Wagenknecht,  Monsanto  Chemical  Co  .  St. 
Louis,  MO  63167 

Butanetetracarboxylic  acid  (BTCA)  is  a  polycotton  cross-link¬ 
ing  agent  that  does  not  release  formaldehyde  Its  viability  as  a  re¬ 
placement  for  currently  used  agents  is  contingent  on  good  perfor¬ 
mance  in  heat  discoloration  tests.  This  presentation  describes  the 
overall  process,  except  for  the  electrohydrodimerization  of 
dimethylmaleate,  for  converting  maleic  anhydride  into  an  isolated 
BTCA  product  Heat  discoloration  results  show  the  effectiveness 
of  water  extraction,  hydrogen  peroxide  treatment,  and  catalyst  re¬ 
moval  in  producing  a  high  quality  product. 

410  Hydrodimerization  of  Dimethylmaleate:  m.  Electrochemi¬ 
cal  Parameter  Evaluation:  M  C  Dutton,  M.  R.  Bagley,  E  A. 

Cosonovo,  D  3  Kalota,  and  J  H  Wagenknecht,  Monsanto  Chemi¬ 
cal  Co  .  St  Louis.  MO  63167 

Work  done  by  the  USDA  showed  that  1.2,3,4-butanetetracar- 
boxylic  acid  (BTCA)  was  an  effective  permanent  press  cross-link¬ 
ing  agent  for  polycotton  fabrics.  The  electrohydrodimerization 
(EHD)  of  dimethylmaleate  to  form  tetramethyl-l,2,3,4-butanete- 
tracarboxylate  is  a  step  in  the  process  to  produce  BTCA.  It  has 
been  found  that  this  reaction  runs  well  in  a  batch  system  with  a 
bulk  pH  of  7  to  8  This  presentation  describes  eiroriments  per¬ 
taining  to  batch  vs  continuous  operation,  pH  eff«ts,  and  EHD 
cell  life 
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411  The  Preparation  of  Metal  Ion  Reductants  via  the  Use  of  Hy¬ 
drogen  Diffusion  Anodes:  P.  C.  Foller,*  R.  J.  Allen,  and  R. 

Vora,  E-TEK,  Inc.,  Framingham,  MA  01701 

Ti(III)  has  been  prepared  from  Ti(IV)  in  sulfuric  acid  via  the 
use  of  hydrogen  diffusion  anodes  (HD  As).  HD  As  allow  the  prepa¬ 
ration  of  Ti(III)  sulfate  free  of  extraneous  (ons  as  are  introduced 
via  aluminum  or  zinc  reduction,  the  usual  route  to  such  reducing 
agents.  No  membrane  is  r^uired,  as  the  potential  of  the  HD  A  is 
insufficient  to  re-oxidize  Ti(III)  once  it  is  formed.  High  (95%)  con¬ 
versions  can  be  obtained  using  multiple-pass  flow.  Use  of  the  ap¬ 
proach  is  foreseen  in  indirect  organic  electrochemistry. 

412  An  Anolyte  Model  of  a  Diaphragm-Type  Chlorine/Caustic 
Cell:  J.  W.  Van  Zee  and  C.  T.  Lee,  Chemical  Engineering 

Dept.,  Swearingen  Engineering  Center,  University  of  South  Car¬ 
olina,  Columbia,  SC  29208 

A  time-dependent  anolyte  model  of  a  diaphragm-type  chlo¬ 
rine/caustic  cell,  which  includes  the  multiphase  chlorine  reactions, 
is  presented.  The  effects  of  convection,  migration,  and  gas  void 
fraction  on  mass  transfer  of  the  species  in  the  anol;Ae  are  consid¬ 
ered.  The  model  is  formulated  in  terms  of  feed  flow  rates,  which 
enables  the  model  to  be  used  readily  for  developing  process  con¬ 
trol  schemes  for  the  anolyte  variables  in  a  diaphragm-type  cell, 
and  to  be  modified  to  simulate  the  anolyte  of  membrane-type 
chlorine/caustic  cells.  The  predictions  of  the  major  species  concen¬ 
trations  are  shown  to  agree  with  the  experimental  data  of  a  lab- 
scale  diaphragm  cell, 

413  Design  of  a  Digital  Multiloop  PH)  Control  System  for  a  Di¬ 
aphragm-Type  Chlorine/Caustic  Cell:  C.  T.  Lee  and  J.  W. 

Van  Zee,  Chemical  Engineering  Dept.,  Swearingen  Engineering 
Center,  University  of  South  Carolina,  Columbia,  SC  29208 

A  digital  multiloop  PID  (proportional-integral-derivative) 
feedback  control  system  was  designed  for  a  diaphragm-twe  chlo¬ 
rine/caustic  cell  using  a  theoretical  model.  The  anol^e  pH  and  the 
caustic  effluent  concentration  were  chosen  as  the  controlled  out¬ 
puts.  A  feedback  control  simulator  of  the  cell  based  on  the  design 
was  also  developed.  The  design  methodology  presented  is  general, 
and  could  be  readily  applied  to  other  electrochemical  processes, 
especially  to  those  with  nonlinear  and  complicated  model  equa¬ 
tions.  This  work  provides  a  basis  of  studying  the  effects  of  distal 
process  control  schemes  on  performance  of  a  diaphragm-type  cell, 

ELEaRO-ORGANIC  SYNTHESIS  WITH  HOMOGENEOUS  AND 
HETEROGENEOUS  CATALYSTS 

Organic  and  Biological  Eleclrochemistry 

414  Mediated  Reductive  Dechlorination  of  PCBs  in  Surfactant 
Dispersions  and  Microemulsions:  I.  Ul  Hague,  E.  C.  Cou¬ 
ture.  S.  Zhang,  and  J.  F.  Rusling,  Dept,  of  Chemistry  (U-60),  Uni¬ 
versity  of  Connecticut.  Storrs.  CT  06269-3060 

Yields  of  dehalogenated  products  were  better  in  dispersions 
and  microemulsions  containing  didodecyldimethylammonium 
bromide  (DDAB)  than  in  aqueous  CTAB  micelles.  Hg  was  the  most 
efficient  cathode.  Using  zinc  phthalocyanine  as  mediator,  0.10  g  of 
a  commercial  PCB  mixture  was  completely  dechlorinated  in  18  h. 
Bicontinuous  microemulsions  of  DDAB,  dodecane,  and  water  gave 
promising  results  with  Pb  cathodes. 

415  Electrocatalytic  Hydrogenation  at  Palladium  Black  Elec¬ 
trodes:  S.  J.  C.  Cleghom*  and  D.  Fletcher,  University  of 

Southampton,  Highfield,  ^uthampton,  England  S09  5NH 

Palladium  black  electrodes  have  been  prepared  by  electrodep¬ 
osition  of  palladium  onto  graphite  and  nickel  from  an  acid  chlo¬ 
ride  bath  These  electrodes  in  a  methanol  containing  acetic  acid 
electrolyte  are  suitable  for  the  hydrogenation  of  many  organic 
molecules.  The  mechanism  involves  the  reversible  formation  of 
Pd(H)  by  reduction  of  acetic  acid,  followed  by  a  chemical  reaction 
between  the  Pd(H)  and  the  organic  reactant.  Electrolysis  in  a 
FM-01  laboratory  electrolyzer  is  described. 

416  The  Electrocuemical  Reduction  of  Nitroaromatic  Com¬ 
pounds  to  Amines  in  Basic  Solutions  at  Porous  Metallic 

Electrizes:  J.  Lessard,  Y.  Couture,  M.-J.  Lessard,  A.  Martel,  and  C. 
Roy,  Dept,  de  Chimie,  Facultes  des  Sciencies,  Universite  de  Sher¬ 
brooke.  Sherbrooke,  Que.,  Canada  JIK  2R1 

The  electrocatalytic  hydrogenation  of  nitrobenzoic  acids  (para 
and  ortho)  and  nitrobenzenesulfonic  acids  (meta  and  para)  at 
Raney  nickel  (RNi)  and  Devarda  copper  (DCu)  electrodes  in  a  ba¬ 
sic  aqueous  medium  (0.15M  NaOH)  gave  the  corresponding  amino 
acids  with  chemical  yields  of  80-100%  and  current  efficiencies  of 
75-100%  under  controlled  potential  or  constant  current  conditions 
in  a  two-compartment  H-cell  (2  g  scale).  On  a  lareer  scale  (-110  g) 
and  using  a  flow-cell,  metanitrobenzenesulionic  acid  gave 
metanilic  acid  in  a  85-90%  yield  and  60-65%  current  efficiency. 
The  lifetime  of  the  electrodes  was  of  the  order  of  50  to  60  days. 
Other  porous  electrode  materials  made  of  copper  were  found  to  be 
as  efficient  as  DCu  for  the  conversion  of  nitrobenzene  to  aniline  in 
basic  aqueous  methanolic  solutions. 

417  Bole  of  Sulfide  Ion  as  Mediator  in  the  Electroreduction  of 
Nitroaromatics:  A.  Tandon,  P.  S.  Verma,  S.  K.  Mukerji,  and 

K.  N.  Tandon,  Dept  of  Chemistry,  University  of  Rajasthan, 
Jaipur-302004.  India 
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The  sulfide  ion  acts  as  a  mediator  in  the  electroreduction  of  ni- 
troaromatics  in  weakly  basic  medium  at  stainless  steel  (type  316) 
cathode  by  forming  reversible  sulfide-polysulfide  couple.  The 
polysulfide  is  reduced  to  sulfide  at  a  less  cathodic  potential  than 
the  substrates.The  sulfide  mediator  reduces  the  nitroaromatic  to 
•he  hydroxy lamine  stage  in  the  cold  but  to  the  aniline  stage  at  a 
characteristic  elevated  temperature  which  varies  from  substrate  to 
substrate.  The  difference  in  the  electrolytic  behavior  of  nitroben¬ 
zene  and  1,3-dinitrobenzene  is  explained  on  the  basis  of  their 
structural  difference  and  the  difference  in  the  polarity  of  the  two 
molecules. 

418  Indirect  Beduction  of  Sulfonium  Salts  by  Means  of  p- Ac¬ 
ceptor  Radical  Anions  (in  Liquid  Phase)  and  n-Doped  Elec¬ 
troactive  Polders  (in  Solid  Phase)  Application  to  Functionali¬ 
zation  Reactions:  J.  Simonet,  P.  Martigny,  H.  Le  Deit,  and 
J.  Rault-Berthelot,  Laboratoire  d’Electrochimie,  Universite  de 
Rennes  I,  Campus  de  Beaulieu,  35042  Rennes  Cedex,  France 

The  use  of  mediators  such  as  anthracene,  naphtalene,  ace- 
naphtylene,  and  benzophenone  may  induce  the  indirect  reduction 
of  onium  salts  in  aprotic  electrolyte.  This  paper  deals  with  the  in¬ 
direct  reduction  of  diphenylalkylsulfonium  cation  either  by  anion 
radicals  of  x-acceptors  (leading  to  alkyldihydro  relevant  struc¬ 
tures)  or  by  n-doped  polyparapnenylene  type  deposits  on  a  plat¬ 
inum  cathode  (also  formation  of  polydihycfropolyalkyl  structure 
but  within  a  very  narrow  potential  range). 

419  On  the  ipso-Substitution  in  Aromatic  Compounds  by  Elec¬ 
trogenerated  Radicals;  H.  Lund,  Dept,  of  Organic  Chem¬ 
istry,  University  of  Aarhus,  DK-8000  Aarhus  C,  Denmark,  K. 
Pang  and  Q.  Chen,  Dept,  of  Organic  Chemistry,  Shenyang  College 
of  Pharmacy,  Shenyang,  110015  China 

Anion  radicals  of  aromatic  compounds  react  with  alkyl  halides 
with  formation  of  radicals  which  may  couple  with  an  anion  radi¬ 
cal  When  the  aromatic  compound  is  substituted  with  a  suitable 
leaving  group  Y  (e  g..  CN)  an  ipso-substitution  followed  by  elimi¬ 
nation  of  HY  may  occur.  The  regioselectiviW  in  the  reaction  of 
ArY  is  improved  "compared  to  that  of  AH.  Thus  reduction  of  4- 
cyanopyridine  in  the  presence  of  f-butyl  bromide  and  diethyl- 
amine  gives  4-f-butylp.vridine  in  good  yield. 

420  Production  of  Pyrene  Quinone  by  Indirect  Electro-Oxida¬ 
tion  of  Suspended  Pyrene;  T.  Vonaka  and  A.  Yoshiyama, 

Dept,  of  Electronic  Chemistry,  Tokyo  Institute  of  Technology. 
4259  Nagatsuta,  Midori-ku.  Yokohama,  227,  Japan,  Af. 
Wakamatsu.  S  Tsuji  and  /.  Okubo,  Chugaikasei  Co.,  Ltd.,  6-1 
Kamirenjaku  6-Chome,  Mitaka.  Tokyo  181,  Japan 

The  indirect  electro-oxidation  of  water-insoluble  solid  materi¬ 
als  such  as  cellulose,  tetramethylbenzene,  and  pyrene  was  per¬ 
formed  by  electrolyzing  their  suspensions  in  the  presence  of  suit¬ 
able  redox  mediators  (catalysts)  dissolved  in  aqueous  electrolytic 
solutions.  Particularly,  the  oxidation  of  pjrene  was  investigated  in 
detail  using  a  bench-scale  parallel  plate  flow  cell  from  a  practical 
aspect  of  the  p>Tene  quinone  production. 

421  Electro-Oxidation  of  Propene  in  Aqueous  Zeolite  Suspen¬ 
sions;  J  Z.  Stemple  and  D.  R.  Rolison,  Code  6170,  Surface 

Chemistry  Branch.  Naval  Research  Laboratory,  Washington,  DC 
20375-5000 

Zeolite-supported  metal  clusters  sized  less  than  10  nm  are  ad¬ 
dressed  as  ultramicroelectrodes  via  dispersion  electrolysis  be¬ 
tween  two  feeder  electrodes  This  system  couples  materials  which, 
when  sized  on  the  nanometer  scale,  can  exhibit  physical  and 
chemical  properties  that  differ  from  bulk  properties  and  zeolites 
which  allow  for  molecular  discrimination  based  on  size,  shape, 
and  charge  selectivity.  Ultramicroelectrodes  supported  on  zeolites, 
therefore,  provide  a  unique  interphase  that  undoubtedly  will  af¬ 
fect  not  only  charge- transfer  processes,  but  also  interfacial  chem¬ 
ical  reactions  Accordingly,  the  oxidation  of  propene  is  chosen  as  a 
model  reaction  to  study  (i)  the  zeolite  influence  on  electron  trans¬ 
fer  and  subsequent  chemical  reactions  at  metallated  zeolites,  and 
ill)  the  influence  of  an  electric  field  on  the  inherent  catalytic  activ¬ 
ity  of  metallated  zeolites 


fluorosulfonium  ions  as  key  intermediates  in  a  unique  Pummerer- 
type  mechanism  with  reasonable  or  high  yields  for  the  first  time. 


424  Use  of  |2,2'-Ethylenebis(mtrilomethyUdyne)diphenolato|- 
nickelat^  as  a  Homoeeneous  and  Polymer-Based  Catalyst 
for  Reduction  of  Organic  Halides:  C.  E.  Dahm  and  D.  G.  Peters, 
Dept,  of  Chemistry,  Indiana  University,  Bloomington,  IN  47405, 
M.  S  .Mubarak,  Dept,  of  Chemistry,  King  Saud  University,  Abha, 
Saudi  Arabia 

In  dimethylformamide  containing  tetraethylammonium  per¬ 
chlorate,  [2,2'-ethylenebis(nitrilomethyIidyne)diphenolato]nick- 
el(II)  undergoes  reversible  one-electron  reduction  at  a  carbon 
cathode  to  generate  the  corresponding  nickel  (I)  species.  In  the 
presence  of  this  nickel(I)  species,  6-iodo-  and  6-bromo-l-phenyl- 
1-hexyne  are  homogeneously  and  catalytically  reduced  to  form  a 
radical  intermediate  that  cyclizes  to  yield  benzylidenecyelo{»n- 
tane.  Oxidative  polymerization  of  the  nickel(II)  species  at  reticu¬ 
lated  vitreous  carbon  in  acetonitrile  containing  tetra-ethylammo- 
nium  tetrafluoroborate  produces  a  polymer-coated  electrode  that 
can  be  employed  subsequently  for  the  efficient  catalytic  reduction 
of  alkyl  halides. 


425  Long  Life  Anion  Radicals  from  ArX  or  RX  Type  Com¬ 
pounds:  Mediators,  or  Ar’  and  R*  Providing  Species?  Case 
of  Ortbo-bis(Alkylsulfonyl)Benzenes:  J.  Simonet,  Laboratoire 
d’Electrochimie,  Universite  de  Kennes  I,  Campus  de  Beaulieu, 
35042  Rennes  C^ex,  France 

Title  compounds  (1)  lead  by  means  of  their  cathodic  reduction 
to  surprisingly  stable  anion  radicals.  Bimolecular  reaction  of  (I) 
anion  radical  either  on  starting  material  or  on  aliphatic  organic 
halides  in  excess  affords  very  unexpected  aromatic  substitutions 
which  depend  on  the  nature  of  the  halide.  For  example: 


III 

(R :  primary  alkyl) 


aihodk 
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426  Conversion  of  isoSafrole  to  Piperonal  Using  Electrolytical- 
iy  Recycled  Higher  Oxides  of  Manganese:  J.  Grimshoui, 

Dept,  of  Chemistry,  Queen’s  University,  Belfast,  Northern  Ireland 
B’TS  SAG,  C.  Hua,  Dept,  of  Applied  Chemistry,  Beijing  Institute  of 
Chemical  Technology,  Beijing  100029,  China 

Anodic  oxidation  of  manganese(II)  sulfate  in  aqueous  sulfuric 
acid  of  concentration  less  than  50%  (w/w)  gives  a  fine  precipitate 
of  nonstoichiometric  manganese  dioxide.  This  precipitate,  sus¬ 
pended  in  dilute  sulfuric  acid,  converts  isosafrole  to  piperonal  and 
the  manganese  compounds  dissolve  as  manganese(II)  sulfate. 
Piperonal  is  isolated  and  the  manganese  recycle.  When  the  man¬ 
ganese  dioxide  is  filtered,  any  water  soluble  impurities  are  re¬ 
moved  in  the  filtrate  and  such  a  step  is  necessary  in  any  process 
for  continuous  operation 

427  Mechanism  of  Electron  Transfer  Activation  of  Organic 
Substrates  in  the  Presence  of  Organometallic  Catalysts.  Ap¬ 
plication  to  Homogeneous  Catalysis  under  Reductive  Conditions: 

A.  Jutland  and  C.  Amafore,  Laboratoire  de  Chimie,  Ecole  Normale 
Superiere,  F  7521,  Paris  Cedex,  France,  Af.  Nielsen,  Dept,  of  Gen¬ 
eral  and  Organic  Chemistry,  University  of  Copenhagen,  DK-2100, 
Cop'.nhagan,  Danemark 

Bidentate  nickel  and  monodentate  palladium  complexes  cat¬ 
alyze  the  electrosynthesis  of  aromatic  carboxylic  acids  from  car¬ 
bon  dioxide  and  aromatic  halides.  TTie  catalysis  proceeds  via  a 
succession  of  chemical  and  reductive  steps  involving  diamagnetic 
and  paramagnetic  nickel  complexes  but  only  diamagnetic  puadi- 
um  complexes  The  carboxylation  occurs  in  the  nickel  coordina¬ 
tion  shell  (via  a  Ar-Ni'L,  intermediate).  Whereas  in  the  case  of  pal¬ 
ladium,  carbon  dioxide  reacts  with  an  aryl  anion  Ar  formed  from 
a  Ar-Pd'Lj-intermediate. 


422  Mediated  Reduction  of  Aryl  Bromides  at  ’Tin  Cathodes; 

E  G.  Gunderson,  E  Kanv-Miller,  and  V.  Svetlicic,  Dept  of 
Chemistry,  University  of  Minnesota,  Minneapolis,  MN  55455-0431 
The  mediated  reduction  of  aryl  bromides  at  tin  cathodes  was 
investigated  The  mediator  was  dimethylpyrrolidinium-Sn, 
DMP(Sns),  generated  by  the  cathodic  reduction  of  the  electrolyte 
cation  The  relative  rate  of  electron  transfer  to  the  various  bro¬ 
mides  was  determined  by  a  combination  of  constant  potential 
electrolvsis  (CPE)  and  anodic  stripping  voltammetry  (ASV).  It  was 
found  that  the  electronic  nature  and  relative  location  of  the  sub¬ 
stituents  on  the  aromatic  ring  had  a  significant  effect  upon  the 
rate  of  reaction 

423  Fluoride  Ion  Promoted  Anodic  Substitution,  Regiosclective 
Anodic  Alkoxylation  of  Sulfides:  T.  Fuchigami.  H.  Yano, 

A  Konno,  and  T.  Nonaka,  Dept,  of  Electronic  Chemistry,  ToWo 
Institute  of  Technology,  Nagatsuta.  Midori-ku,  Yokohama  227, 
Japan 

Anodic  o-alkoxylation  of  sulfides  was  promoted  in  the  pres¬ 
ence  of  fluoride  ions:  When  EtjN  3HF  was  used  as  a  supporting 
electrolyte,  simple  alkyl  phenyl  sulfides  and  sulfides  bearing  weak 
electron-withdrawing  groups  underwent  anodic  alkoxylation  via 


428  Electrochemistry  of  9,9’-SpirobifIuorene  Derivates:  2.2'- 
Diacetyl  9.9'-Spirobifluoiene:  L.  Mattiello  and  L.  Ram- 

pazzo.  Dept.  ICAJMPM,  University  of  Rome,  00161  Rome,  Italy 
2.2'-Diacetyl  9,9'-spirobifluorene  (1)  is  an  aromatic  compound 
with  two  identical  orthogonal  halves.  The  cyclic  voltammi^am  of 
(I)  shows  five  reduction  processes,  measured  in  dry  DlMF-O.lAf 
Et,-NC10„  glassy  carbon  electrode.  The  first  two  are  reversible, 
one-electron  transfers  with  E,‘  +  -1.75  V  and  Ei'  =  -1,90  V  (SCE); 
they  arc  followed  by  three  (apparently)  irreversible  reduction  pro¬ 
cesses  occurring  at  very  negative  potentials,  =  -2.40,  -2.67,  and 
-2.80  V  (sweep  rate  0.2  V/s),  relatM  to  the  spirobifluorene  moiety. 

429  A  Study  of  Substituted  Catechols  as  Electron  Transfer  Me¬ 
diators  in  Electrocatalytic  Enzyme  Reactions;  T.  J.  Moore 

and  L.  A.  Coury,  Dept,  of  Chemistry,  Duke  University,  P.  M.  Gross 
Laboratoiy,  Durham  NC  27706-7706 

The  rate  constants  for  reduction  of  13  o-quinones  by  reduced 
glucose  oxidase  are  determined  and  found  to  not  be  correlated  to 
cither  the  2e'/2H‘  redox  potentials  or  the  hydride  transfer  poten¬ 
tials.  Results  from  kinetic  experiments  in  deuterium  oxide  and 
protic  water  indicate  that  the  rate-limiting  step  may  be  abstrac¬ 
tion  of  the  first  electron.  An  understanding  of  the  kinetics  of  this 
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reaction  is  important  to  the  development  of  more  effective  electro¬ 
chemical  biosensors. 

430  Electroreductive  Cleavage  of  the  C-Ce  Bond  of  9-Chlo- 
rofluorenes:  F.  Maran  and  E.  Vianello,  Dept,  of  Physical 

Chemistiy,  University  of  Padova,  35131  Padova,  Italy 

The  electroreduction  of  a  series  of  substituted  9-chlorofluo- 
renes  has  been  investigated  in  DMF  by  cyclic  and  convolution  po¬ 
tential  scan  voltammetries  and  controlled  potential  electrolysis. 
Through  the  determination  of  the  heterogeneous  rate  constant  of 
the  initial  one-electron  uptake  in  a  wide  potential  range,  a  poten¬ 
tial  dependence  of  the  electrochemical  transfer  coefficient  or  was 
found,  thus  pointing  to  a  concerted  electron  transfer-bond  break¬ 
ing  process.  The  potential  dependence  of  a  was  taken  into  account 
in  the  kinetic  analysis  of  the  expected  self-protonation  reaction 
involving  the  carbanion  eventually  electrogenerated  at  the  elec¬ 
trode.  The  dependence  of  the  support  rate  constant  on  the  sub¬ 
strate  concentration  as  well  as  further  evidence  pointed  to  the  oc¬ 
currence  of  complex  chemical  pathways  in  the  voltammetric  time 
scale. 

431  Electrochemical  Behavior  of  Cytochrome  Cj  HUdenbor- 
ough  on  a  Gold  Electrode;  B.  A.Gorecka,  Dept,  of  Pharma¬ 
ceutical  &emistry.  University  of  Kansas,  Lawrence,  KS  66045, 
G.  S.  Wilson.  Dept,  of  Chemistry,  University  of  Kansas,  Lawrence, 
KS  66045 

Electrochemical  behavior  of  cytochrome  Cs  Hildenborough  in 
solution  phase  as  well  as  adsorbed  films  on  gold  electrode  has 
been  studied  by  cyclic  voltammetry  chronocoulometry  and 
chronoamperometry.  Properties  of  the  cytochrome  c,i  films  are 
compared  with  those  of  the  redox  polymer  film. 

432  The  Anodic  Ox’dation  of  Hydrazones:  M.  R.  Van  De  Mark 
and  E.-C.  Lin,  Dept  of  Chemistry.  University  of  Missouri- 

Rolla,  Rolla.  MO  65401,  W  Eldert.  University  of  Miami  Medical 
School,  Miami.  FL  33101 

The  anodic  oxidation  of  aldehyde  hydrazones  at  a  graphite  an¬ 
ode  in  aqueous  acetonitrile  was  investigated.  The  major  products 
were  the  parent  aldehyde,  the  caraboxylic  acid,  hydrazide  and 
KCON  =  NAr  A  proposed  mechanism  consistent  with  the  products 
was  suggested  including  geometry  optimizing  MNDO  and  AMI 
calculations,  A  very  good  linear  free  energy  correlation  with  sigma 
plus  was  found. 

433  Pin  Loosening  in  External  Skeletal  Fixation:  In  Vivo  Elec¬ 
trochemical  Impedance  Study  of  the  Pin  Bone  Interface: 

O  A  Velev,  Center  for  Electrochemical  Systems  and  Hvdrogen 
Research,  Texas  A&M  University.  College  Station,  TJ?  77843, 
R  H  Palmer.  Santa  Cruz  Veterinary  Hospital,  Santa  Cruz,  CA 
95065,  P.  Srtnivasan.  Center  for  Electrochemical  Systems  and  Hy¬ 
drogen  Research,  Texas  A&M  University,  College  Station  TX 
77843.  D  A  Hulse.  Dept,  of  Small  Animaf  Medicine  and  Surgery. 
Texas  A&M  University.  College  Station.  TX  77843,  H.  W.  Samp¬ 
son.  Dept,  of  Anatomy,  College  of  Medicine.  Texas  A&M  Univer¬ 
sity,  College  Station.  TX  77843,  W  H.  Hyman,  Dept  of  Industrial 
Engineering  Division  of  Bioengineering,  Texas  A&M  Universitv. 
College  Station,  TX  77843 

External  skeletal  fixation  is  commonly  used  for  treatment  of 
many  orthopedic  injuries  and  diseases  in  human  and  animal  pa¬ 
tients  Loosening  of  the  percutaneous  fixation  pins  within  the 
bone  affects  up  to  42%  of  such  pins  and  remains  the  major  compli¬ 
cation  associated  with  this  technique  Pin-loosening  results  from  a 
poorly  understood  cascade  of  inter-related  mechanical  and  biolog¬ 
ical  events  Electrical  fields  resulting  from  local  mechanical 
strains  are  considered  the  primary  signal  which  initiates  bone  re¬ 
modeling  The  purpose  of  this  study  was  to  characterize  the  elec- 
triKhemical  environment  of  the  pin-bone  interface  in  vivo  during 
the  first  43  days  after  implantation  from  open  circuit  potential 
and  impedance  spectroscopy  measurements 


ELECTROCHEMISTRY  OF  HIGH  TEMPERATURE 
SUPERCONDUaORS 

Physicol  Electrochemistry 

434  Progress  in  Observing  Electrochemical  Processes  at  Super¬ 
conducting  Electrode/Molecular  Solvent  Interfaces:  S  R. 

Peck.  L  S  Curtin.  L  M.  F  Tender,  J.  N.  Richardson,  and  R.  W. 
Murray.  Kenan  Laboratories  of  Chemistry,  University  of  North 
Carolina  Chapel  Hill,  NC  27599-3290 

This  paper  reports  progress  in  our  program  to  observe  electro¬ 
chemical  processes  at  high  temperature  superconductor  elec¬ 
trodes,  contacted  by  a  fluid  electrolyte  solution,  at  temperatures 
that  span  their  T,  transition  temperatures  In  particular  we  have 
observed  a  change  in  the  double  mver  capacity  of  these  electrodes 
at  Tr 

435  Low -Temperature  Electrochemistry  on  High  T,  Supercon¬ 
ductors;  W  J.  Lorenz,  Institute  of  Physical  Chemistry  and 

Electrochemistry,  University  of  Karlsruhe,  Karlsruhe,  Germany, 
G  Saemann-henenko,  Institute  of  Physics,  University  of  Erlan- 
gen-Numberg,  Erlangen.  Germany,  Af  W,  Breiter,  Institute  of 
Technical  Electnichemistry.  University  of  Vienna.  Vienna.  Au.stria 


The  charge  transfer  across  superconductor/ionic  conductor  in¬ 
terfaces  represents  a  relatively  new  experimental  and  theoretical 
field.  This  paper  deals  with  electrochemical  studies  in  this  area. 
Both  n-type  classical  super-conductor  (SC)  and  p-  and  n-type  high 
T,  superconductors  (HTSC)  in  contact  with  different  supierionic 
conductors  (Ag  B" -alumina,  Ag*  ion  conducting  glass,  and  RbAg,ls), 
which  are  used  as  solid  electrolytes  (SE),  are  considered  in  experi¬ 
ments  covering  the  temperature  range  10  K  <  T  <  298  K.  The 
faradaic  process  occurring  at  those  HTSC/SE  interfaces  is  the  sil¬ 
ver  deposition  and  dissolution,  measured  by  either  a  transient 
technique  in  the  time  domain  or  by  electrochemical  impedance 
spectroscopy  (EIS)  in  the  frequency  domain.  The  results  show  a 
positive  admittance  peak  in  transient  measurements  or  a  corre- 
spondirm  negative  impedance  peak  in  ElS-measurements  around 
T  =  Tc.  These  findings  are  attributed  to  an  enhancement  of  the  rate 
of  the  faradaic  reaction  around  7^.  The  effect  is  interpreted  as  a 
quantum-electrochemical  phenomenon  caused  by  the  contribution 
of  Cooper  pairs  crossing  the  electrochemical  double  layer  as  corre¬ 
lated  charge  carriers  and  participating  in  the  charge  transfer  step 
of  the  phase  boundary  reaction.  A  proximity-like  phenomenon  can 
be  excluded. 

436  Corrosion  Reactivities  of  Various  Copper  Oxide  and  Fuller- 
ene  High  Temperature  Superconductor  Pluses;  J.  T. 

McDevitt,  D.  R.  Riley,  and  J.-P.  Zhou,  Dept,  of  Chemistry  and  Bio¬ 
chemistry,  University  of  Texas  at  Austin,  Austin,  TX  78712-1167, 
A.  Manthiram,  Center  for  Materials  Science  and  Engineering,  Uni¬ 
versity  of  Texas  at  Austin,  Austin,  TX  78712,  and  D.  Jurbergs, 
Dept,  of  Chemistry  and  Biochemistry,  University  of  Texas  at 
Austin,  Austin,  TX  78712-1167 

Before  practical  utilization  of  the  high  temperature  supercon¬ 
ductors  is  possible,  a  more  complete  understanding  of  their  sur¬ 
face  chemistry  is  necessary.  In  this  paper,  the  relative  reactivity  of 
the  common  high-T,  phases  toward  water  is  reported.  Electro¬ 
chemical,  x-ray  powder  diffraction,  and  scanning  electron  mi¬ 
croscopy  measurements  are  utilized  to  establish  the  corrosion 
trends.  From  this  comprehensive  study,  the  following  chemical  re¬ 
activity  scale  is  established:  KjCjo  »  YBaiCujOr  >  TljBaiCaiCujOio 
>  Bi2Sr3CaCu308  ^  LaiasStouCuO^  »  Ndj  gsCco  oCuOi  > 

Nd|  flaXhfl  i.sCuOa 

437  Electrochemical  Rate  Data  of  Superconductor  Materials 
and  Their  Lithium  Insertion  Compounds  as  Electrodes; 

Af.  A.  Fleischer  and  J.  Manassen,  Dept,  of  Materials  and  Interfaces, 
The  Weizmann  Institute  of  Science,  Rehovot  76100,  Israel 

The  insertion  of  lithium  into  the  lamellar  bismuth  oxide  2212 
and  220 1  superconductors  modifies  their  structural  chemistry  and 
electronic  properties.  Electron  transfer  reactions  were  studied  at 
electrodes  made  from  2212  and  2301  in  the  normal  state  and  com¬ 
pared  to  their  Li  insertion  compounds,  regular  perovskites,  and 
metals.  The  heterogenous  rate  constants  for  several  redox  reac¬ 
tions  in  organic  solvents  decreased  with  increasing  Li  content.  The 
insertion  reaction  itself  was  studied  by  cyclic  voltammetry  and  the 
effective  diffusion  coefficient  for  Li  in  the  superconductors  was 
measured. 

438  The  Surface  Structure  and  Electronic  States  of  High-Tc 
Superconductors  by  STM:  C.  M.  Lieber  and  Z.  Zhang,  Dept. 

of  Chemistry,  Harvard  University  Cambridge,  MA  02138 

Scanning  tunneling  microscopy  (STM)  and  scanning  tunneling 
spectroscopy  (STS)  have  been  used  to  characterize  the  structure 
and  electronic  states  of  the  surfaces  of  single  crystal  Bi-Sr-Ca-Cu-O 
superconductors  STM  images  have  been  used  to  elucidate  varia¬ 
tions  in  the  atomic  structure  and  superstructure  of  the  Bi-O  layer 
that  result  from  metal-substitution  and  oxygen  doping.  STS  data 
further  show  how  the  electronic  states  of  this  material  evolve  with 
metal  and  oxygen  doping 

439  Physical  and  Chemical  Characterization  of  Electrodeposit- 
ed  Superconducting  Bismuthates:  M.  L.  Norton,  Dept,  of 

Chemistry,  Marshall  University,  Huntinrton,  WV  25755,  H.-Y. 
Tang,  Materials  Science  Center,  Nationm  Tsinghua  University, 
Hsinchu,  Taiwan,  China 

Lar^  single  crystals  of  the  bismuth  based  superconductors 
Ba,  .,M3i03  (M  =  K,  Rb)  produced  by  anodic  electrocrystallization 
have  bwn  characterized.  Low  resolution  scanning  tunneling  mi¬ 
croscopy  fracto^aphs  mdicate  the  presence  of  a  mosaic  structure 
with  a  domain  size  of  approximately  50  nm.  Although  sigiuficant 
sodium  contamination  was  not  detected  in  bulk  analysis  per¬ 
formed  utilizing  inductively  coupled  plasma  mass  spectrometry, 
si^ificant  sub^ain  boundary  sodium  decoration  was  observ^ 
using  scanning  ion  microscopy. 

440  Synthesis  of  Superconducti^  Films  via  an  Electrochemical 
Pathway:  A.  Weston,  N.  Ali,  and  S.  B.  Lalvani,  Collie  of 

Engineering  and  Technology,  Southern  Illinois  University,  Car- 
bondale,  IL  62901 

Precursor  thin  films  of  Y-Ba-Cu-0  and  Er-Ba-Cu-O  supercon¬ 
ductor  were  produced  by  potentiostatic  and  pulse  electrtxieposi- 
tion  from  the  dissolved  nitrate  salts  of  the  constituent  metals  in 
dimethylformamide.  The  films  were  deposited  on  metal  foils  such 
as  Ag-coated  Cu,  Ag,  Zr,  as  well  as  on  Ag-coated  SrTiOj,  CaTiOj, 
and  AljOs.  The  electrodeposited  films  were  heat-treated  in  flowiiw 
Oj  in  order  to  produce  the  sumrconducting  phase.  Y-Ba-Cu-O 
films  formed  on  Zr  had  highest  T,  onset  at  93  K. 
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441  Superconductor  Oxide  Films  via  an  Electrodeposition  Pro¬ 
cess:  R.  N.  Bhattacharya,  P.  A.  Parilla,  and  R.  D.  Blaugher, 

National  Renewable  Energy  Laboratory,  Golden,  CO  80401-3393 
Superconductor  oxide  films  were  fabricated  via  a  one-step 
electrodeposition  process  followed  by  short  annealing  in  oxygen. 
Cyclic  voltammetiy  was  employed  to  investigate  the  reduction  po¬ 
tentials  of  the  metal  ions  and  reaction  mechanism.  The  precursors 
of  the  superconducting  oxide  films  were  codeposited  from  a  non- 
aqueous  solution  (nitrate  salts  dissolved  in  dimethyl  sulfoxide)  at 
a  constant  potential  of  -4  V  and  also  under  a  pulsed-potential  con¬ 
dition,  where  the  pulse  cycle  was  10  s  at  -4  V  followed  by  10  s  at 
- 1  V  (us.  Ag/AgNOs).  The  substrates  used  were  silver-coated  single 
crystals  ofSrTiOs,  Nb-doped  SrTiOj,  MgO,  ZrOj,  and  foils  and 
wires  of  Ag,  Ag(25%)-Pd,  and  Ni.  The  outstanding  critical  current 
densities  measuml  to  date  for  polyc^stalline  TBCCO  films  are  as 
follows:  (i)  the  critical  current  density  at  77  K  for  a  pulsed-poten¬ 
tial  TBCCO  film  on  silver  foil  was  10,000  A/crrP  in  zero  field,  (ii) 
the  critical  current  density  at  76  K  for  a  TBCCO  film  deposited  at 
constant  potential  on  a  silver-coated  SrTiOa  substrate  was  20,000 
A/cm-  in  zero  magnetic  field  and  5,000  A/crrP  in  a  10  Koe  field 
parallel  to  the  film  plane,  and  (hi)  the  critical  current  density  of  a 
pulsed-potential  deposited  TBCCO  film  on  silver-coated  SrTiOa 
was  56,000  A/cm’  at  76  K  in  zero  field. 

442  Reactivity  of  Compound  Superconductors:  Cuprates,  Bis- 
muthates.  Fullerides:  B.  Miller  and  J.  M.  Rosamilia,  AT&T 

Bell  Laboratories,  Murray  Hill,  NJ  07974-0636 

Recently  developed  materials  with  T,,  above  23  K  include  an 
assortment  of  cuprates,  bismuthates  like  Bai.,K;3i03,  and  ful¬ 
leride  salts,  such  as  RbjCso  Electrochemically,  each  of  these  has  a 
owerful  driving  force  for  interfacial  reactivity;  strong  oxidants 
aving  nominal  cop[»r  oxidation  states  >+2  or  Bi  >+3,  strong  re- 
ductants  with  Cji’  anions.  We  discuss  the  reactivity,  which  impacts 
greatly  on  junction  formation,  device  stability,  and  means  of  pro¬ 
tection. 

443  Controlled  Room  Temperature  Formation  of  Weak  Link  or 
Josephson  Junction  in  Thin  Film  YBa2CU]0,..:  O.  Cahen 

and  y  Scolnik.  The  Weizmann  Institute  of  Science,  Rehovot 
76100. 1.srael 

We  show  how  the  earlier  developed  methodologies  of  room 
temperature  reduction  and  reoxygenation  of  samples  of 
YBajCuiO:  can  be  used  to  pattern  pm-thin  films  at  room  tempera¬ 
ture  by  way  of  selected  area  electrochemistry.  The  resulting  bridge 
structures  are  characterized  in  terms  of  their  I-V-T  characteristics 
and  found  to  show  SNS  junction  behavior.  In  several  cases  reduc¬ 
tion  and  reoxygenation  can  improve  the  homogeneity  of  the  sam¬ 
ple  in  the  affected  areas. 

444  High  Temperature  Electrochemical  Behavior  of  XBajCujO, 
Electrodes  on  Stabilized  Zirconia  Solid  Electrolyte:  T.  M. 

Gur.  Center  for  Matls  Res..  Stanford,  CA  94305-4045,  R  A.  Hug¬ 
gins.  Dept  of  Matls  Sci.  and  Engineenng,  Stanford  Universitv, 
Stanford,  CA  94305-2205 

The  high  temperature  superconducting  YBa.CusO,^  is  also  a 
mixed-conductor  with  a  wide  range  of  oxygen  nonstoichiometry-. 
To  evaluate  its  potential  as  an  electrode  material  for  solid  oxide 
fuei  cell  applications,  the  YBa.CujO,  powder  was  deposited  as  a 
contiguous  layer  on  yttria  stabilized  zirconia  (YSZ)  solid  elec¬ 
trolyte  A  porous  platinum  electrode  was  used  as  the  counterelec¬ 
trode  The  electrochemical  behavior  of  the  YBajCusO,  electrode 
was  studied  between  465  and  835'C  in  air  by  dc  polarization  and 
ac  impedance  spectroscopy  techniques  The  results  indicated  that 
YBa  .Cu.O,  may  be  employed  as  an  electrode  material  under  oxi¬ 
dizing  conditions. 

443  Electrochemical  Response  of  VBasCugO.  as  a  Function  of 
Oxygen  Content:  D.  R.  Riley,  and  J.  T.  McDevitt,  Dept,  of 
Chemistry  and  Biochemistry.  University  of  Texas  at  Austin. 
Austin,  TX  78712-1167 

By  varying  the  oxygen  content  in  the  high  temperature  super¬ 
conductor  phase  YBajCuiO,  (6  <  a-  <  7),  the  electrical  properties  of 
this  material  can  be  manipulated  from  that  of  a  superconductor  to 
that  of  an  insulating  semiconductor  In  this  paper,  we  describe  a 
method  for  preparing  YBaiCu^O,  samples  with  different  oxygen 
contents  and  describe  a  corresponding  procedure  for  fabricating 
electrodes  from  these  samples  The  procedure  provides  a  simple 
and  systematic  means  of  tailoring  the  conductive  properties  of 
electrode  specimens  and  the  response  of  these  electrodes  are  dis¬ 
cussed  herein 

446  Application  of  High  Temperature  Electrochemical  Tech¬ 
niques  to  YBa,Cu,0,ji.  R  V  Kumar  and  D.  J.  Fray.  Dept,  of 
Mining  and  Mineral  Engineering,  University  of  Leeds,  Leeds,  En¬ 
gland  LS2  9JT,  J  E.  Evetts,  H.  W  Williams,  and  A.  Misson.  Dept, 
of  Materials  Science  and  Metallurgy.  University  of  Cambridge. 
Cambridge.  England  CB2  3QZ 

High  temperature  solid  state  electrochemical  techniques  have 
been  applied  in  the  determination  of  oxygen  nonstoichiometry  and 
phase  stability  diagram  of  YBajCujOj  j  Much  of  the  nonstoichio- 
metric  comptwition  of  YBajCujO?  j  is  metastable,  and  they  fall  in 
the  phase  region  of  YBa,Cu40,  Under  favorable  conditions  of  tem¬ 
peratures  and  oxygen  pressures,  YBajCu,Or « was  electrochemical¬ 
ly  decompo.sed  to  YBa3Cu,0,and  the  corresponding  phase  bound- 
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ary  determined.  Enhanced  texture  can  also  be  obtained  in  the  bulk 
sintered  samples  by  electrochemical  processing  of  YBajCuaO?^  By 
incorporating  grains  that  are  platelet-like  with  high  aspect  ratio 
as  fcM  material  into  the  matrix  of  fine-sized  reactive  precursor, 
bulk  samples  with  good  texture  can  be  produced  by  the  combined 
effect  of  pressure,  temperature,  and  electrochemical  potential. 
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447  The  Effect  of  Solvent  on  the  Simultaneous  Adsorption  of 
Anions  and  Cations:  M.  Anbu  Kulandainathan*  and  S. 
Venkatakrishna  Iyer,  CECRI,  Karaikudi  623  006,  India 

The  adsorption  of  tetrabutylammonium  chloride  from  water, 
heavy  water,  and  DMSO  on  mercury  electrode  has  been  studied 
using  capillary  electrometer.  Parameters  like  capacitance  values 
at  different  potentials,  potential  of  zero  charge,  Esin-Markov  coef¬ 
ficient  values,  and  electrosorption  valency  have  also  been  calculat¬ 
ed  to  characterize  the  simultaneous  adsorption.  Tlie  adsorption  of 
TBA  ions  from  different  solvents  can  be  explained  using  Virial  ad¬ 
sorption  isotherm.  The  amount  of  specifically  adsorbed  charge  due 
to  cations  in  the  presence  of  adsorbed  anions  is  evaluated  using 
Saffarian  and  de  Levie  model. 


448  Manipulation  of  Double  Layer  in  Metal  Insulator  Elec¬ 
trolyte:  K.  Gkowsi,  Dept,  of  Chemistry  and  Biochemistry, 

Texas  Tech  University,  Lublxick,  TX  79409-4260 

The  manipulation  of  double  layer  is  possible  at  the  insulator 
electrolyte  by  applying  a  strong  field  (lO’-lO®  MV/cm)  across  met¬ 
al-insulator-electrolyte.  In  the  proposed  model  for  metal-insula- 
tor-electrolyte  the  surface  ionization  and  specific  adsorption  have 
been  combined  with  Stern  Gouy  Chapman  theory.  By  combining 
the  metal  insulator  electrolyte  characteristics  and  the  electroos- 
motic  effect  in  a  capillary,  a  novel  effect  called  field  effect  elec¬ 
troosmosis  has  been  proposed. 

449  Molecular  Recognition  at  Interfaces:  Specific  Binding  of  an 
Electroactive  Tetrathiafulvalene  (TTF)  Derivative  to  Or- 

ganosulfur  Monolayers  by  Hydrogen  Bonding:  L.  M.  Frostman  and 
M.  D.  Ward,  Dept,  of  Chemical  Engineering  and  Materials  Science, 
University  of  Minnesota,  Minneapolis,  MN  55455 

We  present  evidence  that  the  monocarboxylic  acid  derivative 
of  tetrathiafulvalene  (TTF)  binds  specifically  via  hydrogen-bond¬ 
ing  to  -COOH  terminated  oganosulfur  monolayers  on  gold.  Cyclic 
voltammetry  of  these  films  shows  TTFCOOH  coverages  on  the  or¬ 
der  of  a  monolayer.  These  studies  indicate  that  molecular  recogni¬ 
tion  is  operative  on  functional  molecular  monolayers. 

430  Kinetics  of  Electron  Hopping  in  Langmuir  Monolayers  at 
the  Air/Water  Interface;  M.  Majda,  D.  H.  Charych.  and  J.  T. 
Orr,  Dept,  of  Chemistry,  University  of  Califcmia.  Berkeley,  Berke¬ 
ley,  CA  94720 

We  discuss  dynamic  solvent  effects  and  the  distance  depend¬ 
ence  on  the  electron  transfer  kinetics.  Our  approach  involves  2-D 
electrochemical  measurements  carried  out  at  the  air/water  inter¬ 
face.  In  these  experiments,  a  "line”  microelectrode  is  positioned  in 
the  plane  of  the  air/water  interface,  where  it  addresses  molecules 
forming  monolayers  at  that  interface  under  the  contrail^  surface 
pressure  conditions  of  a  Langmuir  trough.  Under  these  conditions, 
diffusion  coefficients  obtained  in  the  voltammetric  studies  of 
osmium  tris-diphenylphenanthroline  can  be  interpreted  in  terms 
of  the  rate  constant  of  the  lateral  electron  hopping. 

451  Effects  of  Monosubstituted  Phenol  Additives  on  the  Con¬ 
ductivity  of  Electrochemically-Synthesized  Polypyrrole: 

M.  Fukuyama,  N.  Nanai.  T.  Kojima,  Y.  Kudoh,  and  S.  Yoshimura, 
Matsushita  Research  Institute  Tokyo,  Inc.,  3-10-1  Higashimita, 
Tama-ku,  Kawasaki  214,  Japan 

We  report  the  effects  of  monosubstituted  phenol  additives  that 
are  contained  in  a  polymerization  solution,  on  the  conductivity  of 
electrochemically-synthesized  polypyrrole.  For  the  case  of  p- 
mtrophenol  the  conductivity  is  64  S/cm  which  is  about  7  times 
higher  than  that  without  atfditives.  FYom  the  elemental  analysis 
data,  mass  spectra,  infrared  spectra,  electronic  absorption  spectra, 
and  laser  Raman  spectra,  it  is  clear  that  the  additives  are  not  in¬ 
cluded  in  polypyrrole  films  but  the  electronic  state  of  polypyrrole 
is  changed. 

452  Impedance  and  Voltammetric  Characterization  of  Electro- 
chemically  Deposited  (Poly)aniline  Conducting  Films; 

P.  Vanysek  and  G.  Sandi,  Dept,  of  Chemistry,  Northern  Illinois 
University,  DeKalb,  IL  60115 

Polyaniline  films  electrochemically  deposited  on  Pt  electrodes 
arc  characterized  by  semiautomated  impedance  spectroscopy. 
Repetitive  measurements  at  varying  bias  potentials  and  concen¬ 
trations  are  recorded  and  evaluated.  The  films  are  grown  in  sever¬ 
al  acidic  solutions,  with  the  best  film  obtained  in  sulfuric  acid. 
Circuit  analysis  reveals  a  potential  dependent  constant  phase  cle¬ 
ment  in  parallel  with  a  potential  dependent  resistance.  These 
parameters  are  correlated  with  the  varying  conductivity  of  the 
film  and  with  the  changes  of  the  double-layer  capacitance. 
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453  A  Cathodically  Polymerized  Binuclear  Cobalt  Complex  aod 
Its  Electrocatalytic  Reduction  of  Carbon  Dioxide;  X.  Ren, 

S.  K.  Mandal,  and  P.  Pickup,  Dept,  of  Chemistry,  Memorial  Uni¬ 
versity  of  Newfoimdland,  St.  John’s,  Newfoundland,  Canada  AIB 
3X7 

A  binuclear  cobalt  (II)  complex  with  a  pyrrole  substituent  has 
been  cathodically  deposited  from  CH3CN  +  0,1  Af  EtiClO,.  The  re¬ 
sulting  polymer  filmis  are  porous  and  exhibit  reversible  electro- 
chemist^  at  a  formal  potential  of  -1.5  V  vs.  SSCE.  They  become 
electronically  conductive  and  show  an  electrochromic  color 
change  when  reduced.  The  immobilized  Co  complex  catalyzes  the 
reduction  of  CO2  in  acetonitrile. 

454  The  Electrochemical  Reduction  of  COi  on  Ag  and  Au  Elec¬ 
trodes:  The  Effect  of  Trace  Impurities:  R.  Kostecki, 

P.  Kedzierzawski,  and  J.  Augustynski,  Laboratory  of  Electro¬ 
chemistry  and  Applied  Chemistry  University  de  Genive,  Chimie 
appliqu^e,  CH  1211  Geneve  4,  Switzerland 

Electrochemical  reduction  of  COi  in  aqueous  bicarbonate  solu¬ 
tions  has  been  examined  with  particular  regard  to  the  effect  of 
trace  metal  impurities  present  in  the  solution.  Deposition  of  such 
impurities  at  the  surface  of  Au  and  Ag  electrodes  is  apparently  re¬ 
sponsible  for  the  progressive  decrease  of  their  electrocatalytic  ac¬ 
tivity  observed  during  prolonged  electrolysis  runs.  Methods  allow¬ 
ing  continuous  or  periodic  reactivation  of  the  Au  and  Ag  cathodes 
are  discussed. 

455  Redox  Potential  of  N-Hexadecyl-N'-Methyl  Viologen<‘*'*> 
Solubilized  in  Cetyltrimethylammonium  Chloride  Micelle: 

C.-W.  Lee*  and  M.-K.  Oh,  Dept,  of  Chemistry,  Korea  University, 
Jochiwon,  Choongnam  339,  Korea 

The  redox  potentials  of  N-hexadecyl-N’-methyl  viologen'^"*’  in 
several  different  thermodynamic  conditions  of  aqueous  solution 
were  measured,  and  the  results  show  that  the  formal  potential  of 
the  redox  couple  in  organized  molecular  assembly  could  differ  by 
200  mV  from  that  of  methyl  viologen  Implications  for  useful 
chemical  reactions  using  viologen  moiety  [ex.  P.-A.  Brugger,  P.  P. 
Infelta,  A  M  Braun,  and  M.  Gratzel,  J.  Am.  Chem.  Soc.,  103,  320 
(1981)1  are  presented. 

456  Analytical  Utility  oi  the  Iridium-Based  Mercui^  Ultra-Mi- 
croelectrode  with  Square  Wave  Anodic  Stripping  Voltam¬ 
metry;  W.  Deng  and  S.  P.  Kounaves,  Dept,  of  Chemistry,  Tufts 
University,  Medford,  MA  02155 

Square  wave  anodic  stripping  voltammetry  (SWASV)  was  con¬ 
ducted  on  iridium-based  mercury  ultramicroelectrode  (Ir-based 
Hg-UME)  to  determine  Pb  in  the  neat  seawater  and  drinking 
water  by  using  standard  addition  method.  Unlike  commonly  used 
Pt-based  Hg-UME.  iridium  substrate  did  not  form  intermetallic 
compounds  with  analyte  metals  deposited  into  the  Hg  film  during 
the  preconcentration  step  The  excellent  linear  relationship  be¬ 
tween  the  Pb  stripping  current  and  concentration  of  Pb  added  to 
the  samples  was  obtained  without  stirring  or  addiM  supporting 
electroljrte  The  application  of  the  Ir-based  Hg-UME  to  SWASV 
provides  a  rapid,  accurate,  and  sensitive  electrochemical  method 
for  the  determination  of  environmentally  important  heavy  metals. 


457  Modified  Cottrell  Behavior  for  Constant-Resistance  Sys¬ 
tems:  T.  M.  Nahir  and  R.  P.  Buck,  Dept  of  Chemistry,  Uni¬ 
versity  of  North  Carolina,  Chapel  Hill,  NC  27599 

Using  a  new  boundary  condition,  the  response  to  a  potential 
step  cf  diffusion-controlled  electrochemical  systems  with  signifi¬ 
cant  bulk  resistance  is  investigated  The  numerical  solution,  digi¬ 
tal  simulation,  and  analytical  approximation  of  the  current-time 
plots  under  these  circumstances  are  presented  for  finite  thickness 
systems.  Comparison  of  theoretical  predictions  with  experimental 
results  for  the  system  of  plasticized  PVC  membranes  which  con¬ 
tain  valinomycin  shows  good  agreement 

458  Electrochemical  Measurements  of  the  Effects  of  Ultra¬ 
sound  in  Solution  and  at  Surfaces;  H  Zhang,  C.  R.  Smith. 

and  L.  A.  Court/,  Jr.,  Dept,  of  Chemistry,  Duke  University.  P.  M. 
Gross  Laboratory,  Durham.  NC  27706-7’706 

Electrochemistry  is  utilized  as  a  probe  to  determine  the  effects 
of  ultrasonically  induced  cavitation  in  liquids  and  at  solid-liquid 
interfaces.  The  functional  form  of  the  mass  transport  coefficient  is 
explored  through  the  observation  of  steady-state  limiting  currents 
under  a  variety  of  solution  conditions.  Effects  on  heterogeneous 
electron  transfer  rate  are  examined  from  Tafel  plots.  Oberved 
changes  in  electrode  surfaces  in  different  chemical  environments 
due  to  interfacial  cavitation  are  also  discussed. 


459  Reduction  of  Pd(II)  at  a  Mercury  Electrode;  R.  S.  Rodgers, 
EG&G  Princeton  Applied  Research,  Princeton,  NJ  08543- 

2565 

The  reduction  of  Pd(II)  in  IM  NHj,  IM  NH3NO3  at  a  mercu^ 
electrode  has  been  examined.  Althou^  the  chronoamperometric, 
normal  ptilse  polarographic,  and  cyclic  staircase  voltammetric 
data  appear  to  agree  with  proposed  mechanism  for  irreversible 
electron  transfer,  square  wave  voltammetry  clearly  reveals  that 
the  process  is  more  complicated.  Only  upon  fitting  the  NPP  and 
CV  data  using  the  COOL  algorithm  do  these  techniques  reveal 
evidence  for  a  more  complicated  process 


460  Voltammetric  Studies  on  the  Formation  and  Reduction  of 
Palladium  Oxides  in  Alkaline  Media:  I.-H.  Yeo  and  M.-C. 

Jeong,  Dept,  of  Chemistry,  Dongguk  University,  Seoul  100-715, 
Korea,  C.  H.  Pyun,  Solid  State  &em.  Laboratory,  KIST,  Seoul 
136-791,  Korea 

The  formation  and  stripping  of  palladium  oxides  in  0.  lAf  LiOH 
solution  were  studied  by  cyclic  voltammetry.  The  cyclic  polariza¬ 
tion  method  was  used  to  form  palladium  oxides  on  the  surface  of 
the  palladium  electrode.  It  is  considered  that  three  different  typ^ 
of  palladium  oxides  are  formed  in  alkaline  solution.  A  higher  oxi¬ 
dation  state  of  palladium  oxide  (PdOs)  can  be  formed  (induced)  on 
the  surface  of  the  electrode  even  at  low  anodic  potential  limit,  0.6 
V.  Strong  evidence  was  observed  that  Pd03  can  only  be  formed  in 
a  specific  potential  range.  From  the  voltammogram  obtained  after 
long  cyclic  polarization  time  the  peak  in  the  range  of  -0.47  to  -0.60 
V  could  be  attributed  to  the  reduction  of  the  dehydrated  PdO. 

461  Amorphous  Nickel  Boride  as  an  Electrocatalyst  for  the  Hy¬ 
drogen  Evolution  Reaction  in  Alkaline  Solutions:  P.  Los 

and  A.  Lasia,  D4partement  de  chimie,  University  de  Sherbiooke, 
Sherbrooke,  Quy.,  Canada  JIK  2R1 

The  hydrogen  evolution  reaction  (HER)  was  studied  on  the 
electrodes  obtained  by  pressing  amorphous  nickel  boride  and 
nickel  powders.  The  structure  and  morphology  of  the  electrodes 
were  studied  using  x-ray  diffraction  and  scanning  electron  mi¬ 
croscopy.  The  mechanism  and  kinetics  of  the  HER  were  investi¬ 
gated  by  steady-state  polarization  and  the  ac  impedance  tech¬ 
niques.  An  influence  of  the  composition  of  nickel-nickel  boride 
powder  electrodes  on  the  electrocatalytical  activity  was  studied  in 
IM  NaOH  at  70‘C. 

462  In  Situ  X-Ray  Diffraction  Study  of  Prussian  Blue  Modified 
Electrode;  C.  G.  Chen  and  Z.  Q.  Huang,  Dept,  of  Applied 

Chemistry,  Chongqing  University,  Chongqing  630044,  China 
Subtractive  x-ray  diffraction  method  witn  electrochemical 
modulation  was  used  for  an  in  situ  study  of  the  crystal  structure 
change  of  Prussian  blue  modified  electrode  on  platinum  (PB/K). 
The  different  patterns  measured  are  basically  consistent  with 
those  calculated  theoretically.  Results  have  shown  that  the  crystal 
skeleton  (face-centered  cubic)  of  PB/H  has  not  been  changed 
when  K'  goes  into  and  out  of  the  modified  film  in  electrochemical 
reaction. 

463  In  Situ  Ellipsometric  Spectroscopy  for  Redox  of  Prussian 
Blue  Films  on  Platinum  Electrode:  S.  F.  Xie  and  Z.  Q. 

Huang,  Dept,  of  ^plied  Chemistry,  Chongqing  University, 
Chongqing,  630044,  China 

This  paper  describes  the  ellipsometric  spectroscopy  with  V„p  - 
E  spectra  of  redox  for  Prussian  blue  (PB)  film  on  Pt.  'The  purpose 
is  to  know  how  wide  area  is  applicable  by  this  new  approach.  Ex¬ 
perimental  results  show  that  the  peaks  on  y^-E  sjwtra  could 
also  characterize  the  redox  of  PB.  It  seems  that  spectroellipsome- 
try  is  very  sensitive  for  studying  redox  on  very  thin  film, 

464  New  Aspect  of  EUipsometry  for  Studying  Redox  in  Electro¬ 
chemistry;  Z.  Q.  Huang  and  5.  F.  Xie,  Dept,  of  Applied 

Chemistry,  Chongqing  University,  Chongqing,  630044,  China 
After  a  review  of  application  for  ellipsometry,  this  paper  points 
out  that  the  model  required  for  calculating  film  thickness  and  op¬ 
tical  constant  are  the  difficulty  of  ellipsometry.  The  authors  sug¬ 
gested  a  new  function  V„f,  and  using  V„p  -  E  obtained  some  peaks 
on  V„p  -  £  spectra  to  characterize  the  reaction  processes  as  the 
same  as  the  cyclic  voltammogram.  This  paper  summarizes  our  ex¬ 
perimental  results. 

MICROMORPHCXOGY  IN  EIECTROCRYSTAUJZATION 
Physicol  Eleclrochefnistry/Eleclrodeposilion 

465  Study  of  Unidirectional  Crystallization  of  1-D  Quantum 
Conductors;  A.  R.  Hiuman,  D.  C.  Loveday,  and  M.  Hep^, 

School  of  Chemistry,  University  of  Bristol,  Bristol,  England  B58 
ITS 

Partially  oxidized  1-D  cyanoplatinate  compounds  are  of  inter¬ 
est  because  of  their  high  and  anisotropic  electrical  conductivities. 
The  Pt  atoms  form  “chains"  with  short  metal-metal  separations 
within  the  chain,  effectively  confining  electron  transport  to  one 
dimension.  We  describe  the  electrochemical  synthesis  and  charac¬ 
terization  of  partially  oxidized  tetracyanoplatinate  (POTCP)  com¬ 
plexes.  The  electrochemical  quartz  crystal  microbalance  has  been 
used  to  monitor  the  nucleation  and  growth  processes  of  cation  and 
anion  deficient  POTCP  salts.  Morphological  characterization  em¬ 
ployed  scanning  electron  microscopy. 

466  Electrodeposition  of  Epitaxial  Films  of  Ag(Ag30|)sN03: 

B.  B.  Breyfogle  and  J.  A.  Switzer,  Graduate  Center  for  Ma¬ 
terials  Research,  Universitv  of  Missouri-Rolla,  RoUa,  MO  65401 
The  conducting  oxysalt  Ag(Ag30<)3N03  has  been  electrode- 
posited  on  highly  oriented  conducting  oxide  substrates  of  TI3O1 
and  Pb.Tli,0,.  Ag(Ag30<)3N03  has  an  fee  Bravais  lattice  with  four 
formula  units  per  unit  cell.  It  belongs  to  the  cubic  space  group 
Fm3m  with  a  =  0.989  nm.  The  orientation  of  the  Ag(Ag30,)3N03 
crystals  with  respect  to  the  substrate  surface  was  determined  by 
x-rM  diffraction.  It  was  found  that  the  cubic  oxides  TI3O3  and 
Pb.'TlfcOc  have  a  strong  epitaxial  influence  on  the  cubic 
AgfAgiO.liNO,  crystals. 
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467  In  Situ  Characterization  of  p-Type  Copper  Thiocyanate 
Films  by  Raman  Spectroelectrochemistry:  Y.  Son,  N.  R.  de 

Tacconi,  and  K.  Rajeshwar,  Dept,  of  Chemistry,  The  University  of 
Texas,  Arlington,  'nc  76019-0065 

The  anodic  formation  of  copper  thiocyanate  films  on  Cu  elec¬ 
trode  in  acidic  KSCN  solution  was  studied  in  situ  by  Raman  spec¬ 
troelectrochemistry.  A  restricted  potential  domain  was  used  to 
promote  nucleation  and  growth  of  copper  thiocyanate  and  to 
avoid  oxide  formation.  At  -0.37  V  (vs.  AWAgCl  reference)  a  sharp 
Raman  band  at  2172  cm  '  was  assigned  to  the  u(CN)  mode  of  a 
bridged  structure  of  a-CuSCN.  Another  band  at  2120  cm '  at 
open-circuit  peaks  in  intensity  during  the  electroreduction  of  the 
o-CuSCN  film.  A  mechanism  inclutung  (CuSCNli  aggregates  is 
proposed  to  explain  the  chemical  and  electrochemical  whavior. 

468  Electrochemical  Architecture  of  Nanomodulated  Tl-Pb-O 
Superlattices:  J.  A.  Switzer,  R.  J.  Phillips,  and  R.  P.  Raf- 

faelle.  University  of  Missouri-Rolla,  Graduate  Center  for  Materiak 
Research,  Rolla,  MO  65401 

Electrochemical  deposition  was  used  to  produce  superlattices 
based  on  the  Tl-Pb-O  system  with  layers  as  thin  as  3  nm.  The  com¬ 
position  was  modulate  using  square-wave  current  pulses.  The 
oxides  are  degenerate  semiconductors  with  a  band-to-band  tran¬ 
sition  in  the  1.4- 1.8  eV  range,  and  a  free-electron  plasma  edge  in 
the  near-IR.  The  oxides  adopt  a  bcc  bixbyite  structure  at  low  lead 
contents,  but  show  the  fee  fluorite  structure  for  lead  contents 
greater  than  about  35  atomic  percent. 

469  Electrosynthesis,  Characterization,  and  Modeling  of  High¬ 
ly  Efficient  Polypyrrole/Pt  Nanocomposite  Catalysts: 

C  S.  C.  Bose.  •  C.  C.  Chen,  and  K.  Rajeshwar,  Dept,  of  Chemistry, 
University  of  Texas,  Arlington,  TX  76019 

Polypyrrole  films  containing  nanometer-sized  Pt  particles 
(ppy/Pt)  were  electrosynthesizea  at  glassy  carbon  and  gold  elec¬ 
trode  surfaces.  This  was  done  either  by  voltammetric  cycling 
between  +0.95  and  -0.80  V  (vs.  Ag/AgCl)  or  via  a  potential  step 
technique  in  solutions  containing  colloidal  Pt"  particles.  A  chloro- 
platnate  medium  with  a  citrate  reducing/protection  agent  was  em¬ 
ployed  for  generating  the  colloids.The  growth  of  the  ppy/Pt  films 
was  studied  by  combined  voltammetry-electrochemical  quartz 
crystal  microgravimetry.  These  films  exhibited  unusually  high 
catalytic  activity  towards  the  hydrogen  evolution  reaction  and  Oa 
reduction.  The  rate  does  not  saturate  with  increasing  film  thick¬ 
ness  for  these  3-D  array  of  polymer  confined-Pt”  particles  con¬ 
trasting  surface-confin^  catalyst  situations.  Finally,  a  model  is 
presented  for  ppy/Pt  based  on  hydrodynamic  voltammetry  data. 

470  Electrodeposition  of  Metais  on  Polypyrrole  Coated 
Au/Quartz  Piezoelectrodes:  M.  Hepel'  and  S.  Perkins, 

Dept  of  Chemistry,  Potsdam  College  of  SUNY,  Potsdam,  NY 
13676.  T.  Hepel.  ELCHEMA,  Potsdam.  NY  13676 

Electrodeposition  of  various  metals  at  polypyrrole  (PPy)  coat¬ 
ed  Au  electrodes  evaporated  onto  a  quartz  crystal  have  been  inves¬ 
tigated  using  the  electrochemical  quartz  costal  microbalance 
(EQCM)  and  scanning  electron  microscopy  (SEM)  The  effect  of 
pH,  type  of  anions,  different  organic  additives,  and  the  morphol- 
ow  of  the  polypyrrole  substrate  on  the  electrodeposition  of  Cu,  Ni, 
Po.  Sn,  and  Cd  have  been  studied.  The  nucleation  density  has  been 
determined  from  SEM  experiments  and  has  been  correlated  with 
the  current-time  and  frequency-time  transients.  The  effect  of 
ohmic  potential  drop  in  partially  reduced  PPy  film  has  been  taken 
into  account  in  numerical  simulation  of  the  nucleation  and  growth 
processes 

471  Localized  I/V  and  I/Z  Measurements  on  Conductive  Poly- 
n-methyl  Pyrrole  Thin  Films  Performed  with  a  Scanning 

Tunneling  Microscope:  S.  Creager,  Dept,  of  Chemistry.  Indiana 
University,  Bloomington,  IN  47405 

Current  vs.  tip  displacement  measurements  obtained  on  oxida¬ 
tively  doped  poly-N-methyl  pyrrole  films  reveal  that  the  STM  tip 
IS  buried  up  to  100  A  deep  in  polymer  STM  images  arc  very  noisy, 
a  consequence  of  the  tip  plowing  through  polymer  while  imaging. 
Current  t>s  bias  potential  measurements  are  interpreted  in  terms 
of  an  olectric-field-driven  electron  hopping  model  of  the  electron¬ 
ic  conductivity 

472  Factors  Affecting  Electrochemical  Metallization  of  Insulat¬ 
ing  Substrates  Precoated  by  Conducting  Polymer  Films: 

F  A  Uribe.  A.J.  Rudge.  and  S.  Gottesfeld,  Electronics  Research, 
Los  Alamos  National  Laboratory,  Los  Alamos,  NM  87545 

Chemically  deposited  conducting  polymer  (e.g.,  polypyrrole) 
films  have  been  us«l  as  a  precoat  for  surface  metallization  of  insu¬ 
lator  materials  Metal  electroplating  onto  thin  conducting  polymer 
films  is  discussed  Scanning  electron  microscopy  and  cyclic 
voltammetry  show  that  Cu  electrodeposition  onto  polypyrrole  pro¬ 
ceeds  by  a  nucleation  and  an  island  dendritic  growth  mechanism 
The  electrochemical  growth  and  propagation  of  Cu  films  on  con¬ 
ducting  polymers  of  various  thickness,  conductivities,  and  dopants 
are  described.  The  effect  of  current  densities  and  potentials  on  the 
same  process  is  also  discussed. 

473  When  Anodic  Polymrization  of  Dibenzo-18-Crown-6 
Leads  to  a  New  Artificial  Membrane:  Changes  of  Micro- 

morphology  Upon  Different  Modes  of  Doping:  J.  Simonet,  J. Fault- 
Berthelot.  V  Questaigne,  and  L  Angely,  Laboratoire  d'Elec- 
trochimie,  Universite  de  Rennes  I,  Campus  de  Beaulieu.  35042 
Rennes  Cedes,  France 


Dibenzocrown  ethers  lead  by  means  of  anodic  oxidation  to  p- 
doped  resins  possessing  the  structure  of  polytriphenylenes.  Great 
changes  of  structure  (followed  by  conventional  physical  methods) 
can  M  obtained  when  reducing  those  resins.  Their  capability  to 
extract  (fast)  certain  inorganic  cations  from  aqueous  solutions  is 
present^!.  Some  use  of  those  membranes  are  al^  discussed. 

474  Formation  and  Removal  of  p-SnS  Patterns  and  Characters 
on  Transparent  Conductive  Oxide  Glass  by  Mask-Defined 

Photoelectrodeposition  and  Dissolution:  R.  D.  Engelken,  C.  Brink- 
ley,  L.  N.  Chang,  and  L.  Yu,  Dept,  of  Engineering,  Arkansas  State 
University,  State  University,  AH  72467 

We  report  formation  of  photomask  delineated  pattems/charac- 
ters  of  orange-brown  to  gray  SnS  electrodeposited  under  illumi¬ 
nation  on  InzOsiSn  dass  cathodes.  By  electrodepositing  at  low  cur¬ 
rents  (-10  pA/cm^)  at  voltages  just  positive  of  the  dark  SnS 
reversible  potential  in  the  ethylene  glycol/SnCl2  solution,  the  elec¬ 
trode  reaction  is  driven  cathodic  under  illumination  through  mask 
openings  but  anodic  in  the  dark  remons  blocked  by  the  mask.  This 
produces  no  deposition  in  the  dark  remons  and  SnS  film  “nega¬ 
tives"  of/through  the  illuminated  mask  openings.  The  technique 
has  potential  as  a  means  to  form  mask  defined  photoconductor 
patterns  for  optoelectronics,  printing,  memory,  and  imaging 
applications. 

475  In  Situ  Studies  of  Shape  Evolution  during  Copper  Elec¬ 
trodeposition  Using  Atomic  Force  Microscopy:  R.  M.  Ryn- 

ders  and  R.  C.  Alkire,  Dept,  of  Chemical  Engineering,  University 
of  Illinois,  Urbana,  IL  61801 

Electrodeposition  of  copper  films  with  properties  suitable  for 
electronic  applications  requires  use  of  organic  additives  to  control 
the  deposit  morphology.  An  improved  fundamental  understanding 
of  how  additives  influence  the  film  structure  is  needed.  The  pur¬ 
pose  of  this  work  was  to  study  the  shape  evolution  of  copper  de¬ 
posits  in  the  presence  of  benzotriazole  (BTA)  by  using  in  situ 
atomic  force  microscopy.  Copper  was  deposited  onto  polycrys¬ 
talline  copper  from  0.5Jw  CuSO,  in  IN  HjSO,  with  various  BTA 
concentrations  ranging  from  0  to  1  mM.  The  crystalline  growth  in 
the  absence  of  BTA  and  the  amorphous  growth  in  the  presence  of 
BTA  was  observed.  When  BTA  was  present,  it  was  found  that 
there  was  an  effect  from  the  imaging  process  that  must  be  consid¬ 
ered  in  the  experimental  procedure. 

476  Electrochemical  Behavior  of  an  Amorphous  Pd-Ni-Si  Alloy 
in  Aqueous  Solutions:  A.  Zhang  and  V.  Birss,  Dept,  of 

Cheitvistry,  University  of  Calgary,  Calgary,  Alta.,  Canada  T2N  1N4 
In  the  present  work,  an  amorphous  PaisNLsSijo  alloy  was  stud¬ 
ied  electrochemically  in  aqueous  solutions.  In  alkaline  solutions, 
both  Ni  and  Pd  oxide  films  can  be  formed  on  the  alloy  surface, 
with  the  Ni  oxide  characteristics  being  indicative  of  hydrous  oxide 
film  formation.  In  acidic  solutions,  Pd  oxide  is  the  principal  sur¬ 
face  product.  Effort  has  also  focused  on  the  controlled  modifica¬ 
tion  of  electrochemical  properties  of  the  alloy,  e.g.,  on  the 
hydrogen  adsorption/desorption  and  evolution  reactions,  particu¬ 
larly  by  controlling/altering  the  potential  in  various  solutions. 

477  Electrodeposition  of  Fe-Ni-Cr-P-C  Alloys:  J.-C.  Kang,  Me¬ 
chanical  Engineering  and  Energy  Processes,  Southern 

Illinois  University,  Carbondale.  IL  62901,  C.  A.  Melendres,  Materi¬ 
als  Science  and  Chemical  Technology  Div.,  Argorme  National 
Laboratory.  Argonne,  IL  60439-4837,  5.  B.  Lalvani,  Mechanical 
Engineering  and  Energy  Processes,  Southern  Illinois  University, 
Carbondale,  IL  62901 

Amorphous  alloys  of  Fe,  Ni,  Cr,  P  and  C  were  prepared  by  elec¬ 
trodeposition  from  aqueous  solutions  and  found  to  have  excellent 
corrosion  resistance  in  0.9  w/o  NaCl.  The  alloy  composition,  thick¬ 
ness  and  current  efficiency  for  deposition  for  Fe-Ni-Cr-C,  Fe-Ni- 
Cr-P,  and  Fe-Ni-Cr-P-C  were  determined  as  a  function  of  the 
curent  density.  Addition  of  phosphorus  was  found  to  lower  the 
cracking  in  the  deposits.  Crack-free  Fe-Ni-Cr-P-C  alloys  were 
obtained. 

478  Application  of  Pulse  Current  Process  to  Plated-Through- 
Holes:  A.  S.  Woodman,  E.  J.  Taylor,  N.  R.  K.  Vilambi  Reddy, 

and  E.  B.  Anderson,  PSl  TechnoloBr  Co.,  20  New  England  Busi¬ 
ness  Center,  Andover,  MA  01810,  G.  L.  Fisher,  Shipley  Co.,  Inc., 
Newton.  MA  02162-1469 

We  investigated  several  rectangular  current  waveforms  as  ap¬ 
plied  to  uniform  through-hole  plating.  These  waveforms  includra: 
cathodic  pulse  current,  anodic  pulse  current,  cathodic  direct  cur¬ 
rent  followed  by  anodic  direct  current  (DC-DC),  cathodic  direct 
current  followed  by  anodic  pulse  current  (DC-PC),  cathodic  pulse 
current  followed  tw  anodic  pulse  current  (PC-PC),  and  pulse 
reverse  current  (PRC).  These  experiments  were  conducted  in  inor¬ 
ganic  nonadditive  baths.  The  most  promising  results  were  ob¬ 
tained  using  the  PRC  waveform. 

476  Poteutial  Step  Probes  of  Epitaxial  Growth  in  Electrode- 
posited  Ceramic  Superlattices:  R.  J.  Phillim,  R.  P.  Raffaelle, 
and  J.  A.  Switzer,  Graduate  Center  for  Materials  Research,  Uni¬ 
versity  of  Missouri-Rolla,  Rolla,  MO  65401 

Epitaxy  is  the  growth  of  crystals  on  a  crystalline  substrate  that 
determines  their  orientation.  Epitaxy  between  layers  must  be 
maintained  for  superlattice  growth.  Tms  work  focuses  on  the  anal¬ 
ysis  of  current  time  transients  resulting  from  single  potential  steps 
as  an  in  situ  probe  of  epitaj^  in  the  Pb,Tli,Oc  mixed  oxide  super¬ 
lattice  system  A  reduction  in  the  induction  time  and  elimination 
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of  the  growth  segment  of  the  transient  results  in  an  epitaxial  film 
as  demonstrated  by  x-ray  diffraction. 

480  Mass  Sensitivity  Mapping  of  the  Quartz  Crystal  Microbal¬ 
ance  in  Liquid  Media;  A.  C.  Hillier  and  M.  D.  Ward,  Dept. 

of  Chemical  Engineering  and  Materials  Science,  University  of 
Minnesota,  Minneapolis,  MN  55455 

TTie  quartz  crystal  microbalance  (QCM)  utilizes  the  mass-fre¬ 
quency  relationsnip  of  an  oscillating  AT-cut  quartz  resonator, 
consisting  of  a  thin  quartz  wafer  sandwiched  between  two  excita¬ 
tion  electrodes,  to  examine  interfacial  mass  changes  that  occur  at 
one  of  the  excitation  electrodes.  Accurate  application  of  the  QCM 
as  a  mass  sensor,  particularly  in  the  presence  of  nonuniform  mass 
deposits,  requires  knowledge  of  the  radial  and  angular  depend¬ 
ence  of  the  QCM  mass  sensitivity.  The  mass  sensitivity  distri¬ 
bution,  S(r,  e),  was  determined  for  plano-plano  and  plano-convex 
AT-cut  quartz  resonators  in  situ  using  scanning  electrochemical 
methods.  Complete  closed  form  mathematical  descriptions  of 
Sir,  e)  were  obtained  under  conditions  typically  encountered  in 
QCM  experiments.  Results  illustrate  the  influence  of  ciystal  con¬ 
touring  and  the  extent  of  field  fringing  on  the  mass  sensitivity  dis¬ 
tribution. 

481  Electrochemical  Preparation  of  Platinum  Nanoparticules: 

R  Durand  and  K.  Louhab,  Crem-GP.  Enseeg.  38402  Saint- 
Martin  d’Heres,  France 

Electrochemical  nucleation  and  growth  of  platinum  particles 
in  the  nanometer  range  have  been  studied  on  various  substrates 
(graphite  plates,  carbon  fibers,  and  powders)  with  short  potentio- 
static  (or  galvanostatic)  pulses,  from  PtClii  and  PtfNHj)}’  solu¬ 
tions  The  processes  were  characterized  by  TEM,  STM,  and  tran¬ 
sient  recording.  The  nucleation  is  progressive  or  instantaneous, 
depending  on  potentials  and  activations.  We  demonstrate  that 
electrochemical  deposition  of  nanoparticles  inside  preformed 
volumic  electrodes  is  one  of  the  most  fH-saiing  preparation  of  fuel 
cell  electrodes 
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482  On  Charging  Palladium  in  an  AI/LiCI-KCI  Eutectic,  Ex¬ 
cess  LiH(D)^d  Cell:  B  Y  Ltau'  and  P.-l.  Tao,  Hawaii  Nat¬ 
ural  Energy  Institute,  School  of  Ocean  Earth  Science  and  Technol¬ 
ogy,  University  of  Hawaii,  Honolulu,  HI  96822,  B  E  Liebert, 
Dept  of  Mechanical  Engineering,  College  of  Engineering,  Univer¬ 
sity  of  Hawaii.  Honolulu,  HI  96822 

An  anomalous  heat  effect  was  found  during  high-current-den- 
sity  charging  of  an  AllLiCl-KCl  eutectic  with  excess  LiDlPd  cell  at 
elevated  temperatures  The  principle  regarding  electrochemical 
and  calorimetric  behavior  of  this  molten  salt  approach  is  present¬ 
ed  The  thermochemical  aspects  of  the  reactions  at  each  charging 
stage  are  discussed  to  seek  a  possible  explanation  for  the  anoma¬ 
lous  heat  We  were  unable  to  identify  any  conclusive  chemical  na¬ 
ture  of  the  anomalous  phenomenon  The  phenomenon  is  quite  irre- 
producible.  because  of  several  materials  problems  and  the  lack  of 
understanding  of  the  predominant  electrochemical  reactions  dur¬ 
ing  the  excess  power  excursion 

483  Structure  of  Molten  Iron  Chloride:  D  L.  Price  and  M.-L 
Saboungt.  Materials  Science  Div  .  Argonne  National  Labo- 

ratorv,  Argonne.  IL  60439.  S  C  Moss,  Dept  of  Physics,  Universi¬ 
ty  of  Houston.  Houston.  TX  77004.  S  Hashimoto,  Institute  for  Ma¬ 
terials  Research,  Tohoku  University.  Sendai  980,  Japan 

The  structure  of  molten  FeCl ,  at  320‘C  has  been  measured  with 
neutron  diffraction  at  the  intense  pulsed  neutron  source  After 
subtraction  of  the  paramagnetic  scattering,  the  structure  factor 
exhibits  a  three-peak  structure  with  a  first  sharp  diffraction  peak 
at  wave  vector  Q  =  1.0  A  '  The  first  peak  in  the  radial  distribution 
function  can  be  fitted  by  two  gaussians  centered  at  2.17  and  2.32 
A,  slightly  larger  than  the  two  Fe-Cl  distances  observed  for  Fe;Cl, 
molecules  in  the  vapor  The  results  indicate  that  melting  in  FeCI,, 
as,sociated  with  a  large  (63%)  volume  change,  is  accompanied  by  a 
change  in  local  structure  from  the  octahedral  environment  of  the 
Fe^'  in  the  solid  to  an  Fe.,Cl,  molecular  liquid.  (This  work  was  per¬ 
formed  under  the  auspices  of  the  U  S  Department  of  Energy,  Di¬ 
vision  of  Materials  Science,  Office  of  Basic  Energy  Sciences,  under 
Contract  W-31 -109-ENG-38  ) 

484  Electronic  Conduction  in  Molten  KBr-K  Solutions:  G  M 

Haarbery.  Laboratories  of  Industrial  Electrochemistry. 
University  of  Trondheim.  7034  Trondheim,  Norway,  J.  J.  Egan, 
Brookhaven  National  Laboratory.  Upton,  NY  11973 

The  electronic  conductivity  of  molten  KBr-K  solutions  was  de¬ 
termined  as  a  function  of  the  activity  of  potassium  at  various  tem¬ 
peratures  by  using  the  Wagner  polarization  technique  The  diffu¬ 
sion  coefficient  of  electrons  was  obtained  from  potential  step 
measurements  The  concentration  of  defects  in  the  Mdt  was  calcu¬ 
lated  as  a  function  of  the  K  activity  by  applying  a  thermodynamic 
model 

485  Electronic  Polarizabilities  of  LiCI-CsCI,  Lil-KLand  Lii-Csl 
Biadry  Melts:  M.  Endo,  Z  Honmin,  Y  Sato,  and  T.  Yama- 

mura.  Dept  of  Metallurgy.  Faculty  of  Engineering.  Tohoku  Uni¬ 
versity,  Sendai  980.  Japan 


Refractive  indexes  and  densities  of  LiCl-CsCl,  Lil-KI,  and  Lil- 
Csl  binary  melts  have  been  measured.  The  electronic  polarizabili¬ 
ties  of  the  melts  have  been  determined  from  the  measured  refrac¬ 
tive  indexes  and  densities  by  the  Clausius-Mossotti  equation.  The 
correlation  between  the  electronic  polarizability  and  the  structure 
of  the  salts  has  been  examined.  The  electronic  polarizabilities  of 
the  melts  have  the  positive  temperature  dependence  and  those  of 
the  binary  melts  negatively  deviate  from  the  additive  rule.  Factors 
which  affect  the  electronic  polarizabilities  of  the  melts  have  been 
investigated. 

486  Computer  Assisted  Data  Acquisition  and  Analyses  of  Bril- 
louin  Sprctra  of  ZnCIt  Single  and  ZnClj-NaCI  Binary 

Melts:  Z.  Hongmin,  Y.  Sato,  T.  Yamamura,  and  K.  Sugimoto,  Dept, 
of  Metallurgy,  Faculty  of  Engineering,  Tohoku  University,  ^ndai, 
Japan 

Brillouin  scattering  experiment  has  been  carried  out  for  single 
ZnClj  and  ZnClj-NaCl  binary  melts.  The  sample  used  was  careful¬ 
ly  refined  to  avoid  the  spikes  caused  by  inclusion.  Brillouin  spec¬ 
tra  were  obtained  at  scattering  angles  of  45,  90,  and  140',  over  full 
frequency  range.  The  spectra  were  found  to  be  nonLorentzian,  in¬ 
dicating  the  presence  of  the  relaxation  of  the  sound  wave  propaga¬ 
tion.  The  sprctra  obtained  by  a  computer  assisted  retrieval  system 
were  analyzed  on  the  basis  of  a  single  relaxation  theoiy.  The 
sound  velocities  at  low  and  high  frequencies,  and  the  relaxation 
time,  were  determined. 

487  Preparation,  Vapor  Pressure,  and  Thermochemistry  of 
Tin(II)  Bromide;  T.  R.  Brumleve  and  S.  R.  Walston,  APL 

Engineered  Materials,  Inc.,  Urbana,  IL  61801,  5.  A.  Mucklejohn 
and  N.  W.  O'Brien,  GE  Thom  Lamps  Ltd..  Lamp  Research,  Lei¬ 
cester,  England  LE4  7PD 

The  synthesis  of  high-purity  tin(II)  bromide  from  the  elements 
is  outline.  The  vapor  pressure  of  liquid  SnBr,  from  576  to  923  K 
is  measured  by  the  quasi-static  method.  Previous  Knudsen  effu¬ 
sion  mass  spectrometric  studies  are  reviewed.  A  critical  evaluation 
of  the  literature  values  for  melting  temperature  and  enthalpy  of 
fusion  is  presented.  The  molar  heat  capacities  of  SnBr2(s)  and 
SnBrjd)  are  evaluated,  and  an  expression  for  the  molar  heat  ca¬ 
pacity  of  SnBr;(g)  is  derived  from  spectroscopic  constants  and 
structural  data  A  complete  set  of  thermochemical  data  useful  in 
the  modeling  of  discharge  arcs  containing  SnBrj  is  derived  from 
the  vapor  pressure  measurements. 

488  Development  of  Raman  Spectroscopic  Sensors  for  the  De¬ 
termination  of  Magnesium  in  a  Molten  Salt  System;  G.  Ma¬ 
montov  and  S.  Dai.  Dept,  of  Chemistry.  University  of  Tennessee, 
Knoxville,  TN  37996-1600,  G.  M.  Begun,  Chemistry  Div.,  Oak 
Ridge  National  Laboratory,  Oak  Ridge.  TN  37831,  J.  P.  Young, 
An^ytical  Chemistry  Div.,  Oak  Ridge  National  Laboratoiy,  Oak 
Ridge.  TN  37831.  J.  E.  CofHeld,  Dept,  of  Chemistry,  University  of 
Tennessee.  Knoxville,  TN  37996-1600 

A  study  of  the  Raman  spectra  of  the  soluble  magnesium  species 
in  melts  such  as  NaCI-KCl-CaCh  (41-41-18  m/o)  has  been  carried 
out  Over  the  range  of  0-25  m/o  MgClj  in  NaCl-KCl-CaClz  at 
700’C.  the  intensity  of  the  MgCli  Raman  band  near  250  cm  '  was 
found  to  vary  linearly  with  Mg(ll)  concentration.  A  new  normal¬ 
ization  procedure  has  been  developed  to  generate  these  results.  An 
all  silica  fiberoptic  probe  has  also  been  developed  to  carry  out 
these  measurements  Details  of  these  studies  are  discussed. 

489  Structural  Properties  of  Zinc  Halide  Melts;  £.  A.  Pavlatou 
and  G.  N.  Papatheodorou,  Institute  of  Chemical  Engineer¬ 
ing  and  High  Temperature  Chemical  Processes  and  Dept,  of 
Chemical  Engineering,  University  of  Patras,  GR  261  10  Patras, 
Greece 

Vibrational  Raman  spectroscopy  has  been  used  to  identify  and 
detennine  the  structure  of  species  formed  in  ZnCL,  ZnBr2  and  in 
the  binaiy  mixtures  ACl-ZnCU  (A  =  Cs.Li)  and  ZnCl2-ZnBr2.  The 
data  indicate  that  the  network-like  structure  of  the  zinc  halide 
melts  breaks  up  with  the  addition  of  alkali  metal  halide  and  with 
increasing  temperature.  The  tetrahedral  structure  around  the  Zn 
is  preserved  but  one.  two,  three,  or  four  “terminar’  halogen  atoms 
having  A'  as  nearest  neighbors  are  formed. 

490  Structural  iovestwaticMi  of  Molten  Lithium  Bromide: 

S.  Itoh,  The  Nishi-Tokyo  University,  Uenohara,  Kitatsuru- 
gun.  Yamanashi  409-01,  Japan 

The  structural  properties  of  molten  LiBr  were  investigated  by 
the  molecular  dynamics  simulation  method.  The  temperature  de¬ 
pendence  of  the  partial  pair  distribution  functions,  the  distribu¬ 
tion  of  the  coordination  numbers,  the  angular  distribution  func¬ 
tions  were  examined  at  850, 1000, 1200,  and  1500  K.  On  increasing 
the  temperature,  the  first  peak  position  and  the  second  peak  posi¬ 
tion  of  the  g(r)  of  the  Li  and  Br  interaction  shift  to  shorter  distance 
and  longer  distance,  respectively. 

491  Use  of  Raman  Spectrost^y  for  Deteiminiag  the  Corrosion 
of  Ceramics  in  Molten  Fluorides:  C.  G.  Kontoyannis  and 

N.  S.  Tziafos,  Institute  of  Chemical  Et«meeriM  and  High  Temper¬ 
ature  Chemical  Processes,  GR  261  10  Patras.  Greece 

Laser  Raman  spectroscopy  was  employed  in  a  semi-quantita¬ 
tive  way  in  order  to  probe  the  chan^  caiued  in  the  crystal  struc¬ 
ture  of  partially  and  fully  stabilized  zirconia  ceramics  after  their 
immersion  in  the  abrasive  environment  of  molten  LiF,  NaF, 
KF(FLINAK)  eutectic  for  different  periods  of  time.  From  the  test- 
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ed  ceramics,  Zr02-8  m/o  YjOs  exhibits  the  best  resistance  to  the 
corrosive  influence  of  molten  FLINAK. 

492  Raman  and  Infrared  Spectroscopic  Studies  of  the  Platinum 
Electrode-Molten  Nitrates  Intenace:  M.  M.  Gapkurov,  In¬ 
stitute  of  Physics,  Academy  of  Science  of  the  USSR,  367003, 
Makhachkale,  USSR,  V.  D.  Prisyaznhyi,  Institute  of  General  and 
Inorganic  Chemistry,  252601,  Kiev,  USSR 

We  present  the  results  of  the  Raman  and  reflectance-ab¬ 
sorbance  infrared  spectroscopy  (RAIRS)  study  of  the  molten  lithi¬ 
um,  sodium,  and  potassium  nitrates-platinum  electrode  interface. 
The  constructions  of  the  high  temperature  spectroelectrochemical 
cells  which  are  used  for  obtain  vibrational  spectra  of  interfacial 
species  are  described.  The  variations  of  the  nitrate  ion  NOj  inter¬ 
nal  vibrational  spectra  upon  change  in  the  electrode  potential 
have  been  investigated. 

493  Selective  Precipitation  of  Oxide  Superconductors  from 
Molten  Hydroxide  and  Molten  Nitrate:  A.  M.  Stacey,  S.  L. 
Stoll,  L.  N.  Marquez,  and  S.  W.  Keller,  Dept,  of  Chemistry,  Univer¬ 
sity  of  California,  Berkeley,  CA  94720 

Copper  and  bismuth  oxide  superconductors  generally  have 
been  prepared  by  solid-state  reactions  at  temperatures  above 
800'C.  Unfortunately,  there  are  many  disadvantages  with  the  use 
of  solid-state  reactions,  several  of  which  are  especially  detrimen¬ 
tal  to  the  performance  of  the  oxide  superconductors.  Here  we  re¬ 
port  the  synthesis  of  three  classes  of  oxide  superconductors  by  se¬ 
lective  precipitation  from  molten  salts  at  substantially  lower  tem¬ 
peratures  than  have  been  reported  previously.  Specifically, 
La,  .,M,CuO<  (M  =  Na,  K)  and  EuBajCuaO,  were  precipitated  from 
molten  NaOH  and/or  KOH  at  320  and  450’C,  respwtively,  and 
Ba,  ,K,BiO,  was  obtained  from  molten  alkali  metal  nitrates  at 
260'C, 

494  A  New  Scries  of  Complex  Metal  Oxides:  Ciystallixatioo  of 
ABiMOi  (A  a  Na,  Li:  B  ■  Ba,  Sr,  M  a  Bi,  Sb)  from  Hydroxide 

Melts:  V  A  Carlson  and  A.  M.  Stacy,  Dept,  of  Chemistry,  Univer¬ 
sity  of  California,  Berkeley.  CA  94720 

Molten  hydroxides  are  excellent  solvents  for  the  synthesis  of 
new  complex  metal  oxides.  Five  new  materials  with  the  structure 
type  .ABiMOs  (NaBasBiO*.  NaStaBiOj.  LiSriBiO.,  NaSraSbOs,  and 
LiSriSbO,)  have  been  crystalliz^  from  mixtures  of  alkali  and  al¬ 
kaline  earth  metal  hydroxides  at  550‘C.  In  this  paper  we  discuss 
the  synthetic  method,  as  well  as  the  crystal  structure  and  proper¬ 
ties  of  these  highly  oxidized  products 

495  Investigation  of  a  Molten  Salt  Extraction/Electrolysis  Pro¬ 
cess  for  Converting  Ilmenite  to  Iron  and  a  High  Grade  TiOj 

Feedstock;  K  J  Leary,  E  1.  du  Pont  de  Nemours  &  Co.,  Inc.. 
DuPont  Chemicals,  Her  Research  Center,  New  Johnsonville,  TN 
37134 

The  feasibility  of  using  a  molten  salt  extraction/electrolysis 
process  to  convert  ilmenite  ore  to  a  high  grade  TiO;  feedstock  and 
a  salable  iron  product  was  investigated  Several  salt  systems  were 
examined,  including  LiCl-KCl,  NaOH-KOH.  LiBO,-KBOj,  and 
l.iCl-KCl-LiBOi  It  has  been  demonstrated  that  iron  oxide  can  be 
extracted  from  ilmenite  and  converted  to  metallic  iron  at  the  cath¬ 
ode  and  CO/CO.  at  a  carbon  anode 

496  New  Principles  for  the  Processing  of  Carnallitites  in  the 
Domain  of  Molten  Salt  Hydrates;  H.-H.  Emons,  Central  In¬ 
stitute  for  Inorganic  Chemistry,  Berlin-Adlershof,  Germany, 
T  Eanghanel.  Nuclear  Research  Center.  Karlsruhe,  Germany 

Based  on  the  phase  diagram  of  KCl-MgCU-HiO  (up  to  250'C) 
and  structural  models  of  molten  salt  hydrates,  new  principles  for 
the  processing  of  carnallitites  are  discussed.  Basic  ideas  are  the  re¬ 
covery  of  KCland  MgCL  4H20  from  carnallite  via  corresponding 
molten  hydrates  as  well  as  the  direct  separation  of  a  magnesium 
chloride  liydrate  from  complex  mixtures  Despite  the  increased 
temperature  range,  all  stages  of  the  process  are  realized  at  pres¬ 
sures  below  or  equal  to  0  1  MPa 

497  Molten  Carbonate  Fuel  Cell  Reaction  Mechanisms: 

K  Hemmes,  R.  C  Makkus,  R.  Weeuier,  and  J.  H.  W.  de  Wit. 
Delft  University  of  Technology,  Faculty  of  (Chemical  Technology 
and  Materials  Science,  Laboratory  of  Materials  Science,  Div.  of 
Corrosion  Technology  and  Electrochemistry.  2628  AL  Delft.  The 
Netherlands 

An  overview  is  presented  of  our  research  on  the  reaction  mech¬ 
anisms  in  a  molten  carbonate  fuel  cell  of  the  last  four  years. 
Chronoamperometry  and  impedance  measurements  were  per¬ 
formed  on  gold,  Ni.  and  Cu  flag  electrodes  in  a  half-cell  setup  and 
on  porous  anodes  and  cathodes  in  a  small  laboratory-scale  fuel 
cell  The  gas  composition  was  varied  over  a  wide  rann  to  deter¬ 
mine  the  reaction  orders  accurately  The  research  is  described  in 
detail  in  two  theses 

499  MHEX*  Molteii  Carbonate  Pud  Cdl  Pronam  Status;  G.  L. 

Reznikov  and  R.  Donelson,  M-C  Power  Corp  ,  Burr  Ridge. 
IL  80521 

The  results  of  MCFC  component  development  and  a  70-cell  in¬ 
ternally  manifolded  (IMHEX*)  subscale  (1000  cm*)  stack  test  are 
report^  The  test  confirmed  “stackability"  and  the  absence  of 
carbonate  migration  in  IMHEX*  MCFC  stacks  Specific  power 
103  mW/cm*  was  obtained  at  current  density  160  mA/cm*  and 
75%  fuel  utilization  The  stack  operated  1500  h  with  average  pow¬ 


er  output  of  5.5  kW.  Maximum  stack  power  exceeded  9.0  kW.  A  20 
kW  full-area  (1  m*)  stack  will  be  testra  in  the  beginning  of  1992. 


499  A  Comparative  Study  of  Electrochemical  Systems  of  Oxy¬ 
gen  in  Molten  Alkaline  Carbonates  at  500-7S0*C;  J.  De- 

vynck,  G.  Moutiers,  M.  Cassir,  and  B.  Tremillon,  Laboratoire 
d'^Electrochimie,  Ecole  Nationale  Supdrieure  de  Chimie  de  Paris, 
F75231  Paris  Cedex  05,  France 

Electrochemical  properties  of  oxygen  species  have  been  stud¬ 
ied  in  molten  sodium-potassium-lithium  carbonates  between  500 
and  750'C  by  means  of  voltammetry  and  other  electrochemical 
techniques  at  gold  electrodes.  Relative  stability  of  the  reduced 
forms:  peroxide  and  superoxide  was  examined  as  a  function  of  the 
alkaline  cations  and  of  the  oxoacidity  of  the  media.  The  solubility 
of  alkaline  oxides  and  peroxides  was  determined.  Experimental 
values  are  compared  with  theoretical  results  calculated  from  ther¬ 
mochemical  data.  The  choice  of  suitable  media  for  applications  in 
catalytic  oxidations  is  discussed. 


500  High  Temperature  Corrosion  of  Nickel  Coated  with  Molten 
Alkali  Carbonates;  K.-i.  Oto,*  B.-u.  Kim,  H.  Yoshitake,  and 
N.  Kamiya,  Dept,  of  Ener^  Engineering,  Yokohama  National 
University,  156  Tokiwadai,  Hodt^aya-ku,  Yokohama  240,  Japan 
The  high  temperature  corrosion  of  nickel  with  molten  alkali 
carbonate  coating  has  been  studied  in  CO2/O2  atmosphere.  The  re¬ 
action  obeyed  the  parabolic  rate  law  except  the  low  pressure  of 
CO2  at  1073  K  with  (Lio  uKo  ]a)2CO]  coating.  The  parabolic  rate 
constant  decreased  with  the  increase  of  temperature  at  Pco^  =  0.66 
atm  with  (Lio  82K)  ailiCOj  coating.  The  accelerated  oxidation  was 
observed  at  low  pressures  of  CO;  at  1073  K.  These  results  were  af¬ 
fected  by  the  solubility  of  NiO  that  was  formed  on  the  metal. 


501  Galvanic  Corrosion  of  Coupled  Pt-Ni  System  in  Molten 
Na2C02  at  1173  K:  Y.  Shinata  and  M.  Hara,  Mining  College. 
Akita  University,  1-1  Tegata  Gakuen-Cho,  Akita  010,  Japan. 
S.  Httshimoto,  TDK  Co.  Ltd.,  1-13-1  Nihonbashi,  Chuo-Ku,  Tokyo 
l03,  Japan 

To  discuss  corrosion  mechanism  of  metals  in  molten  Na2COj  at 
high  temperature,  galvanic  corrosion  behavior  of  Pt  and  Ni  elec¬ 
trodes  was  examined  at  1173  K  in  flowing  Ar,  CO;,  and  O;  gases 
In  Ar  atmosphere,  there  was  little  corrosion.  In  CO;,  a  little  mass- 
loss  of  Ni  with  NiO  formation  was  observed.  Whereas  in  O;.  mass- 
gain  of  Ni  anode  by  oxide  formation  and  severe  corrosion  of  Pt 
cathode  were  observed. 


502  Development  of  Cathodes  for  an  Aluminum-Chlorine  Fuel 
Cell  in  High  TemMrature  Chloride  Melts:  T.  hhikawa, 
T.  Sasaki,  and  S.  Konda,  Dept,  of  Metallurgical  Engineering.  Fac¬ 
ulty  of  Engineering,  Hokkaido  University,  ^pporo  060.  Japan 
An  aluminum-chlorine  fuel  cell  to  be  used  in  the  production  of 
high-purity  aluminum  from  scrap  aluminum  is  proposed.  The  out¬ 
put  voltage  drop  due  to  the  chlorine  reduction  reaction  of  the  fuel 
cell  was  investigated  in  a  mixture  of  MgCl;  25  m/o  NaCI  75  m/o  by 
using  various  rtectrodes  with  different  hole  sizes  and  numbers. 
The  reaction  resistance  decreased  with  the  decrease  in  hole  diam¬ 
eter  and  had  minimum  values  when  the  hole  size  was  about  3  mm. 


503  Application  of  Molten  Salts  in  Pyrochemical  Processing  of 
Rroctive  Metals;  B.  Mishra  and  D.  L.  Olson,  Dept,  of  Metal¬ 
lurgical  and  Materials  Engineering,  Colorado  School  of  Mines, 
Golden,  CO  80401,  W.  A.  Averill,  EG&G  Rocky  Flats.  Inc.,  Rocky 
Flats  Plant.  Golden,  CO  80402 

Various  mixes  of  chloride  and  fluoride  salts  are  used  as  the  me¬ 
dia  for  conducting  pyrochemical  processes  in  the  production  and 
purification  of  reactive  metals.  These  processes  generate  a  signifi¬ 
cant  amount  of  contaminated  waste  that  has  to  be  treated  for  re¬ 
cycling  or  disposal.  Molten  calcium  chloride  based  salt  systems 
have  twn  used  in  this  work  to  regenerate  calcium  metal  for  the  in 
situ  reduction  of  reactive  metal  oxides.  The  recovery  of  calcium  is 
characterized  by  the  process  efficiency  to  overcome  back  reactions 
in  the  electrowiiming  cell  However,  it  has  been  possible  to  poten¬ 
tially  combine  the  two  processes  of  reduction  and  electrowiiming. 
Theoretical  treatment  of  the  reaction  rates  has  been  presented  to 
determine  the  temperature  and  current  density  for  the  combined 
process  which  must  be  maintained  to  can^  out  the  in  situ  reduc¬ 
tion  of  metal  oxides  by  the  electrowon  calcium.  The  formation  and 
behavior  of  double  layers  adjacent  to  the  electrodes  has  also  been 
analyzed 

504  Invatigatioas  at  Lot  Alamos  National  Laboratoiy  of  Caki- 
um  Chloride  Based  Molten  Salts  Systems:  S.  O.  Ownes, 

K.  M.  Axler,  and  G.  D.  Bird,  Los  Alamos  National  Laboratory,  Los 
Alamos,  NM  87545,  G.  L.  DePoorter,  Colorado  School  of  Mines, 
Metallurgy  Dept..  Golden.  CO  80401 

Calcium  chloride  has  been  in  service  as  a  media  for  the  reduc¬ 
tion  of  plutonium  oxide  to  metal  and  for  the  molten  salt  extraction 
of  americium  from  aged  plutonium  metal.  To  provide  data  for  the 
optimization  of  plutonium  oxide  reduction,  the  solubility  of  calci¬ 
um  metal  has  been  measured  in  solutions  comprised  of  varying 
amounts  of  calcium  oxide  in  calcium  chloride.  Additionallv,  recent 
work  has  demonstrated  the  viability  of  calcium  chloride  as  an 
electrolyte  for  plutonium  electrorefining 
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505  VolUmmetric  Study  of  a  Planar  Electrode  with  Super-  ionic  liquids.  In  oxide-free  basic  melts  (excess  ImCl)  there  exist 

meniscus  Film  in  Molten  Carbonate:  G.  L.  Lee  and  J.  R.  Sel-  two  forms  of  proton.  HCl  and  HCIj  ,  in  equilibrium,  while  in  acidic 

man.  Dept,  of  Chenucal  Engineering.  Illinois  Institute  of  Technol-  melts  (excess  AIClj)  only  HCI  is  present.  Implications  of  this  com- 

ogy.  Chicago.  IL  60616  position  dependent  proton  speciation  with  respect  to  pr"*  jn  chem- 

Cyclic  voltammetry  with  a  variable  scan  window  was  applied  istry  and  melt  purification  are  discussed, 
to  study  the  mechanism  of  oxygen  reduction  at  a  flag  electrode  in 

molten  carbonate.  To  account  ror  the  effect  of  supermeniscus  film  512  The  Cbemutry  of  Proton  in  Ambient-Temperatun 
formation,  a  modeling  approach  was  combined  with  oxide  addi-  Chloroaluminatc  Molten  Salts:  P.  C.  TnUove,  Frank  J.  Seil- 

tion  and  linear  potential  scarming  at  a  wire  electrode.  Characteris-  er  Research  Laboratoni,  U.S.  Air  Force  Academy  CO,  80840,  R.  A. 

tic  peaks  are  observed  in  the  -0.3  to  -0.5  V  range,  which  are  due  to  Osterwning,  Dept,  of  (Jhemistry,  State  University  of  New  York  at 

a  different  reaction  (most  likely  the  reduction  of  superoxide)  than  Buffalo,  Buffalo,  NY  14214 

that  producing  CV  peaks  at  -0.1  to  -0.3  V.  In  basic  molten  salts  composed  of  aluminum  chloride  and  1- 

ethyl-3-methyIimidazolium  chloride,  proton  is  partitioned  be- 

506  Material-Deposition  Processes  in  the  Separator  of  U-Al-  tween  HCl  and  HCU.  The  guiUtourrr  between  th^  two  species 

loy/Fe/S,  Thermal  Cells:  M.  C  Hash'  and  J.  A.  Smaga.  was  studied  usrng  and  >H  NMR  and  values  for  the  equihbnum 

Electrochemical  Technology  Div.,  Argonne  National  Laboratory.  constat  at  various  temperatures  and  the  heat  of  reaction  were  ol^ 
Argonne,  IL  60439,  R.  A.  Guidotti  and  F.  W.  Reinhardt.  Battery  In  acidic  melts  prptra  is  a  Bran^  superacid  w^ch 

Development  Div.,  Sandia  National  Laboratories,  Albuquerque.  NIffi  and  FT-ffi  wet^  ^®^°w 

NM  87 183  5800  ^  acidac  melts  exchanges  rapidly  with  the  umdazoh- 

The  deposition  of  Li,S  and  Fe  in  the  separator  layer  of  Li-al-  urn  cation  ring  hydrogens  at  the  4.5  position  -^e  toetics  of  t^ 

loy/FeS:;  thermal  cells  during  discharge  was  studied.  The  parame-  exchange  have  beeri  exarmned  with  respect  to  changes  m  the 

ters  having  the  most  impact  included,  anode  activity,  catholyte  acidic  melt  composition, 

treatment  (fused  us.  unfused,  lithiated  us.  unlithiated),  and  elec¬ 
trolyte  composition.  The  quenched  cells  were  subjected  to  detailed  513  Ionic  Equilibria  in  Ambient  Temperature  Molten  Salts: 
postmortem  examination  by  optical  microscopy  to  measure  the  J-  L.  E.  Campbell'  and  K.  E.  Johnson,  Dept,  of  Chemistry, 

distribution  and  amount  of  deposition  products  in  the  separator  University  of  Regina.  Regina,  Saskatchewan.  Caiiada  S4S  0A2 

layer.  Complementary  examination  of  select  cells  was  also  con-  ImHCli  (0.38  <  Xho  <  0.67)  and  ImAlCU  (0.33  <  X^icu  <  0.67) 

ducted  using  scarming  electron  microscopy  and  energy  dispersive  ionic  liquids  (IM  =  l-ethyl-3-methyl-lH-imidazolium)  have  been 
spectroscopy.  investigated  by  200  MHa  'H-NMH  spectroscopy.  It  is  widely  be¬ 

lieved  mat  the  protic  species  formed  upon  addition  of  HCl  to  these 

507  Performance  of  a  Sodium/SeleniuiuflV)  Molten  Chloroalu-  liquids,  is  the  hydrogen  dichloride  anion.  HClf.  Our  investigations, 

minate  Cell  lor  an  Electric  Vehicle:  M.  Matsunaga,  M.  however,  indicate  the  presence  of  other  protic  species  in  signifi- 

Monmitsu.  G.  Mori.  S.  Obata,  T.  Kitazaki.  and  K  Hosokawa.  cant  quantities.  Molecular  HCl  does  not  contribute  si^icantly  to 

Dept  of  Applied  Chemistry.  Faculty  of  Engineering,  Kyushu  Insti-  the  total  HCl  content  of  these  liquids.  The  probable  identity  of  the 

tute  of  Technology.  1-1 ‘Sensui-cho,  Tobata.  Kitakyushu  804.  protic  species  present  in  acidic  chloraluminate  melts  has  been  de- 

japan  termined  and  the  equilibrium  constants  govemii^  the  concentra- 

The  discharging  behavior  of  Nb/8''-alumina/Se(IV)  in  a  basic  tions  o'  protic  species  in  ImHCl,  and  ImAlCl,  liquids  have  been 
AlClj-NaCl  melt  has  been  studied  to  develop  the  new  battery  for  evaluated, 
an  electric  vehicle  This  cell  shows  the  quick  response  to  high  cur¬ 
rent  pulses  even  at  160‘C.  The  resistivity  of  this  cell  was  improved  514  Dual  Spin  Probe  NMR  Relaxation  Studies  of  Microdynam- 
to  be  3.8  D  cm=-U  "  at  200'C.  The  current  distribution  in  the  posi-  ics  in  Chloroaluminate  Melts:  W.  R.  Carper'  C.  E.  Keller, 

live  current  collector  is  also  discussed  and  P.  A.  Shaw,  Dept,  of  Chemistry,  Wichita  State  University,  Wi¬ 

chita,  Kansas  67208,  M.  Parrish  and  J.  S.  Wilkes,  Frank  J.  ^iler 

508  The  ModificaUon  of  Flemion  Membranes  for  Use  in  Energy  Research  Laboratory,  USAF  Academy,  CO  80840-6528 

Generating  Devices:  D.  S  Sewman.'  Dept,  of  Chemistry.  The  microdynamics  of  room  temperature  chloroaluminate 

Bowling  Green  State  University.  Bowling  Green,  OH  43403.  S.  Li,  melU  consisting  of  l-methyl-3-ethylimidazolium  chloride 

Dept  of  Pharmaceutical  Chemistry.  Kansas,  Lawrence,  KS  66045,  (MEICl),  AlCl,  and  EtAlClj  has  been  investigated  by  >’C  and  "A1 

T  Howard.  Dept,  of  Chemistry.  Morehead  State  University.  More-  NMR  relaxation  methods  over  the  temperature  range  of  0-70'C. 

head,  KY  41465  These  studies  supfiort  the  existence  of  EtAljCU'  species  in  addition 

riemion  is  a  perfluorocarboxylated  polymer,  somewhat  similar  to  AlCb'  and  other  complex  ions.  The  dual  spin  probe  method 

to  Nafion.  which  allows  Na-  ions  to  pass  through  it  while  exclud-  (DSP)  has  been  used  to  establish  the  existent  of  interactions  be¬ 
ing  OH  and  (31  ions  This  membrane  was  modified  by  first  con-  tween  EtAlCh  and  MEICl  and  to  determine  the  liquid  state 

verting  the  carboxyllic  ester  to  an  acyl  group  and  then  acylating  quadrupolar  coupling  constant  (QCC)  for  EtAlClj  and  AlCU  in 

dibenzo-18-cr-6  using  the  ambient  temperature  molten  salt  pyri-  various  melt  compositions.  Determination  of  the  QCC  as  a  func- 

dinium  heptachloroaluminate  as  the  Friedel-Crafts  catalyst.  tion  of  melt  composition  provides  information  concerning  the 

Crown  ether  containing  Flemion  was  complexed  with  LiCI  form-  symmetry  of  these  complex  species, 

mg  an  electrolyte  with  a  Cl  ion  transference  number  of  0  39  and  a 

Li' transference  number  of  U  61.  515  NMR  Measurements  in  Solutions  of  Dialkylimidazolium 

Haloaluminates:  S.  Takahashi,  J.  Rathke,  and  M.-L. 

509  Molten  Salt  Regular  Mixture  Theory  Applied  to  Ion  Ex-  Sabonngi,  Argonne  National  Laborat^,  Argonne,  IL  60439 

change  Membranes:  K  S  Forland  and  S.  K.  Ratkje,  Div.  of  Measui  iments  of  ”AI  and  ”CI  NMR  spectra  were  carried  out 

Physical  Chemistry.  Norwegian  Institute  of  Technology,  N-7034  on  different  compositions  of  A1C1,-EMIC  solutions  ranging  from 
Trdndheim-NTH,  Norway,  T.  Okada,  Industrial  Products  Re-  basic  to  acidic  regime.  The  temperature  was  varied  to  improve  the 

search  Institute.  1-1-4  Higashi.  Tsukuba,  Ibaraki  305.  Japan  resolution  of  "Cl  spectra  and  to  gain  a  better  understanding  of  the 

Ion  exchange  membranes  are  increasingly  important  in  chemi-  kinetics  of  the  exchange  reactions.  At  room  temperature,  for  each 

cal  technology  We  show  that  membranes  can  be  compared  to  mix-  of  the  46.  50,  60.  67  m/o  WClj,  only  one  *’A1  resonance  was  ob- 

tures  of  molten  salts.  Exchange  equilibria  between  a  cation  ex-  senied.  At  50  m/o  AlCL  mixture,  only  one  ’‘Cl  resonance  was  ob- 

change  membrane  and  an  aqueous  solution  of  two  alkali  salts  tained,  while  another  "Cl  resonance  appeared  with  increasing 

were  studied.  When  the  difference  in  cation  size  is  small,  the  mem-  AlCL  for  acidic  melts, 

brane  behavior  is  nearly  ideal.  For  larger  differences,  the  mem¬ 
brane  is  described  as  a  regular  mixture.  A  new  method  for  analy-  516  The  Electrochemistry  of  Aluminum  and  Protons  in  Room 
SIS  of  data  gave  thermodynamic  values,  e  g  .  activity  coefficients.  Temperature  Chloroaluminate  Molten  Salts  Buffered  with 

Sodium  Chloride:  T.  L.  Riechel  and  J.  S.  Wilkes,  The  Frank  J.  Seil- 

510  Theory  of  Thermoceils:  Transported  Entropies  and  Heat  of  er  Research  Laboratory,  United  States  Air  Force  Academy,  USAF 

Transfer  in  Ag|S04-LjiS04:  A.  Grimstvedt  and  S.  K.  Academy,  CO  80840-6528 

Ratkje,  Div  of  Physical  Chemistry.  Norwegian  Institute  of  Tech-  Lewis  neutral  room  temperature  chloroaluminate  molten  salts 

nolow.  N-7034  Trondheim-NTH,  Norway  made  by  mixing  l-methyl-S-ethyl-imidazolium  chloride  (MEIC) 

iNew  expressions  for  determination  of  thermoelectric  powers  and  alumimun  chloride  are  beiim  investigated  as  batteiy  elec- 

from  thermopotential  measurements  are  presented.  These  expres-  trolytes  because  of  their  wde  voltage  windows,  about  4.4  V.  To 

sions  include  the  transported  entropies  variation  with  temperatiuc  maintain  this  voltage  window,  the  electrolyte  mu^  be  Lews 

(Thomson  effects)  Transported  entropies  and  heats  of  transfer  are  buffered  by  NaCl.  In  this  paper  we  present  a  detailed  investigation 

calculated  from  thermopotential  measurements  in  the  nonisother-  of  the  electrochemistry  of  NaCl-buffercd  MEICI/AlClj  melts  at  W 

mal  cell  Ag(T,)IAg,S04-Li,S04lAg(T,)  Models  for  transported  en-  and  Pt  electrodes.  Based  on  the  electrochemistry  and  SEM  exami- 

tropies  and  heats  of  transfer  are  discumed  and  compared  with  ex-  nation  of  the  electrode  surfaces,  it  appears  that  when  a  melt  is 

perimental  results.  buffered  with  Na(31,  it  remains  slightly  Lewis  acidic,  and  A1  can  be 

plated  and  stripped  from  these  electrodes.  At  a  Pt  electrode,  resid- 

511  TheNatunofPnrtmim  Ambicnt-TemperatuRaUorMlu-  ual  protons  are  also  active.  The  cur^ts  resulting  from  these  pro- 

miiMte  Mohea  Salto:  R.  A.  Osteryoung,  Dept  of  Chemistry,  cesses  are  small,  and  do  not  limit  the  voltage  widow  of  the  el^- 

SUte  University  of  New  York  at  Buffalo.  Bidfalo.  NY  14214,  P  C.  trolyte,  but  may  result  in  unwanted  side  reactions  in  an  operating 

Trulove,  Frank  J.  Seiler  Research  Laboratory,  U.S.  Air  Force  batteiy. 

Academy,  (30  80840 

Proton  is  an  ubiquitous  contaminant  in  ambient-temperature  517  Reduction  Potentials  for  Uthium  and  Sodium  in  Ambient- 
molten  salts  compo^  of  mixtures  of  aluminum  chloride  and  1-  Temperature  CMoroaluminatc  Molten  Salto:  R.  T.  Carlin 

pthy)-3-methylimidazolium  chloride  (ImCl).  FTIR,  NMR,  and  elec-  and  C.  Scodilis-KeUey,  Dg>t.  of  (3hcraistry,  University  of  Ala- 
trochemistry  nave  been  used  to  study  the  nature  of  proton  in  these  bama,  Tuscaloosa,  AL  35487 
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By  adding  protons  to  a  LiCl  buffered  neutral  AlClj.MEIC  (1- 
methyl-3-ethylinudazolium  chloride)  molten  salt,  elemental  lithi¬ 
um  can  be  deposited  and  stripped  at  a  tun^ten  microelectrode.  By 
measuring  the  open-circuit  potential  of  lithium  deposited  from 
melts  having  different  Li*  concentrations,  the  standard  reduction 
potential  for  the  Li*/Li  couple  was  determined  to  be  -2.074 
(±0.010)  V  (vs.  A1(III)/A1).  By  employing  proton-containing 
buffered  neutral  AlClj-.DMPIC  (l,2-dimeth3d-3-propylimidazoli- 
um  chloride)  melts,  both  lithium  and  sodium  can  be  deposited  and 
stripped  well  within  the  electrochemical  window.  Lithium  and 
sodium  deposits  in  the  DMPIC  melt  system  exhibit  open-circuit 
potentials  of  -2.106  and  -2.107  V,  respectively.  In  situ  optical  s*ud- 
ies  confirm  the  deposition  of  elemental  lithium  and  somum  which 
are  stable  in  the  melts  for  several  minutes. 

5 1 8  Physico-Chemical  Behavior  and  Liquid  Crystalline  Proper¬ 
ties  of  Molten  Alkali  Metal  Alkanoates:  T.  A.  Mimaya'  and 

S.  V.  Volkov,  Institute  of  General  and  Inorganic  Chemistry,  32-34 
Prospect  Palladina,  252680  Kiev-142,  Ukraine 

■nie  electrical  conductivity,  ionic  mesophase  stability,  and  'H 
NMR  spectra  of  binary  molten  alkali  metal  n-alkanoate  systems 
with  common  anion  are  discussed  in  connection  with  their  phase 
diapams.  As  increasing  the  difference  in  radii  of  uncoirunon 
cations  of  the  melts  it  is  found:  (i)  increasing  of  physico-chemical 
properties  deviations  from  additivity,  (ii)  enhancement  of  tenden¬ 
cies  to  ion  associate  formation,  and  (iii)  enhancement  of  the  recip¬ 
rocal  orientational  ordering  of  n-alkanoate  anions  along  their 
main  axes  of  symmetry.  Elongation  of  the  n-alkanoate  anion  chain 
gives  rise  to  enhancement  of  ion  association  and  ordering  and  pro¬ 
motes  liquid  crystal  formation  in  the  salt  melts. 

519  Low  Temperature  Molten  Salt  Electrolytes  Based  on  Qua¬ 
ternary  Alkylphosphonium  Salts;  G.  E.  Blomgren,  and 

S.  D.  Jones.  Eveready  Battery  Co..  Inc.,  Technology  Laboratory, 
Westlake,  OH  44145 

A  new  room  temperature  molten  salt  comprised  of  a  1:2  mix¬ 
ture  of  quatemaiy  alkylphosphonium  chloride  and  aluminum 
chloride  has  been  discovered.  Formation  of  a  room  temperature 
melt  was  unexpected  due  to  the  high  melting  point  of  tetra- 
methylphosphonium  chloride  and  the  absence  of  an  inversion  vi¬ 
bration.  The  melt  has  good  conductivity  and  also  has  higher  sta¬ 
bility  toward  electrochemical  reduction  than  any  previously  stud¬ 
ied  room  temperature  melt.  Aluminum  metal  can  be  reversibly 
plated  and  stripped  from  the  melt. 

520  New,  Stable,  Ambient-Temperature  Molten  Salts:  E.  I. 

Cooper  and  E.  J.  M.  O'Sullivan.  IBM,  T.J.  Watson  Research 
Center,  Yorktown  Heights,  NY  10598 

New  ambient-temperature  organic  molten  salts  are  described. 
They  are  easily  prepared  (usually  in  one  step)  and  consist  of  alkyl- 
substituted  aromatic  heterocyclic  cations  and  triflate  or  methane- 
sulfonate  anions  For  example,  1 -ethy t-3-methy limidazolium  tri- 
fluoromethanesulfonate  melts  at  >-10'C,  a  »  0.0093  S/cm  at  25‘. 
and  loses  <2  w/o  at  350’C  in  N,.  Interesting  differences  between 
tnflates  and  methanesulfonates  are  discussed  The  thermal  and 
chemical  stability,  wide  “electrochemical  window"  and  good  con¬ 
ductivity  of  the  new  salts  make  them  promising  electrolytes  and 
antistats. 

521  Mixed  Chloroboratc  and  Chloroalumiuate  Room  Tempera¬ 
ture  Melts:  R.  J.  Gale  and  J.  Liu,  Dept,  of  Chemistry, 

Louisiana  State  University.  Baton  Rouge,  LA  70803 

Tetrachloroborate  salts  of  n-butylpyridinium  or  methyl-3- 
ethyl  imidazolium  chloride  are  known  to  be  viscous  melts  at  room 
temperature.  It  is  of  interest  for  battery  electrolyte  development  to 
see  if  mixed  chloroaluminate/chloroborate  systems  might  be  use¬ 
ful  for  reversible  A1  deposition,  and  if  mixed  complex  species  of 
type  (BAIC1,|  form,  since  boron  compounds  would  minimize  elec- 
troMe  density.  Our  studies  indicate,  however,  that  addition  of 
Al-Cl,  to  a  tetrachloroborate  melt  tends  to  displace  volatile  BClj, 
although  an  excess  of  the  Lewis  acid  AliCIi  seemed  to  permit  re¬ 
duction  of  boron  species.  Aluminum  generally  bonds  more  strong¬ 
ly  to  chlorine  then  boron  does,  and  thus  A1  species  are  likely  to  be 
the  stronger  Lewis  acids. 

522  Electrochemistry  of  9,10-Anthraquiiioiic  in  the  Presence  of 
Proton  and  Tetrachloroaluminate  in  Ambient  Temperature 

Molten  Salts:  M.  T  Carter  and  R.  A.  Osteryoung,  Dept,  of  Chem¬ 
istry.  State  University  of  New  York  at  Bufmlo,  Buffalo,  NY  14214 
The  electrochemistry  of  9.10-anthraquinone  (AQ)  in  a  basic 
room-temperature  molten  salt  composecT  of  AlClj  mixed  with  1- 
ethyl-3-methylimidazotium  chloride  (ImCl)  is  described.  AQ  is  re¬ 
duced  via  a  quasi -reversible  two  electron  transfer  to  AQfAlCIiH  in 
the  absence  of  a  proton  source.  Addition  of  proton  as  imidazolium 
hydrogen  dichloride  (ImHCl,)  causes  the  reactions  coupled  to  elec¬ 
tron  transfer  to  shift  from  solvent  leveling  of  reduced  AQ  by  AlCh 
to  more  facile  protonations.  The  hydroquinone  formed,  AQH],  is 
unstable  in  the  AlCI]:ImCl  melt,  but  is  stable  on  the  voltammetric 
time  scale  in  neat  InriHCh.  The  AQ/AQH]  redox  couple  is  <masi-re- 
versible  under  these  conditions.  Experiments  in  molten  ImCl.  at 
90'C,  show  that  AQ*  and  AQ*  ate  stable  only  under  conditions 
where  no  Lewis  acid  is  available  for  adduct  formation. 

523  Electrachcmical  BednctHm  of  Aromatic  Ketones  in  a 
Boom-Temperature  Molten  Salt;  G.  T.  Cheek.  Dept,  of 

Chemistry.  United  States  Naval  Academy,  Annapolis.  MD  21402- 

5026 


The  electrochemical  behavior  of  fluorenone  and  benzophenone 
in  the  aluminum  chloride;  l-methyl-3-ethyUmidazolium  chloride 
molten  salt  system  has  been  investigated.  Reduction  of  fluorenone 
in  the  acidic  melt  produces  an  anion  radical  which  couples  to  form 
the  pinacolate.  This  latter  species  can  exist  in  two  conformations, 
the  cis  form  undergoing  oxygen  abstraction  to  produce  bifluo- 
renylidene  and  fluorenone  pinacolone.  The  benzophenone  anion 
radical  is  much  more  stable  under  these  conditions,  and  products 
analogous  to  those  found  for  fluorenone  reduction  have  bwn  iden¬ 
tified. 

524  Studies  on  Characteristics  of  Boom  Temperature  Molten 
Salts  AlCli-l-butylpyridinium  Chloride:  N.  Koura,  K. 

Ueda,  and  K.  Takeishi,  Dept,  of  Industrial  Chemistry,  Faculty  of 
Science  and  Technology,  Science  University  of  Tokyo,  2641  Ya- 
mazaki,  Noda  278,  Japan 

The  changes  of  an  A1  plating  surface,  an  Al/Polyaniline  cell 
performance,  and  ion  species  in  the  bath  with  AICI3  concentration 
and  with  temperature  were  investigated  to  study  the  characteris¬ 
tics  of  the  room  temperature  molten  salts  AlCls-l-butylpyridinium 
chloride  (BPC)  at  30-80'C  and  at  42.0-66.7  m/o  AICI3  content.  Vis¬ 
cosity,  conductivity,  and  EMF  of  the  bath  changed  at  50  m/o  AICI3 
and  60*C.  Ion  species  in  the  bath  were  also  discussed  from  the  *’A1 
and  'H  NMR  spectra. 

525  Electrodeposition  of  Metals  from  Boom-Temperature 
Chloroaluminate  Molten  Salts:  X  Xu*  and  C.  L.  Hussey, 

Dept,  of  Chemistry,  University  of  Mississippi,  University,  MS 
38677 

The  electrodeposition  of  lead,  silver,  and  gold  was  studied  in 
the  aluminum  chloride- l-methyl-3-ethylimidazolium  chloride 
rom-temperature  molten  salt.  Evidence  for  the  underpotential  de¬ 
position  of  silver  was  found  at  polycrystalline  gold  in  acidic  melt, 
^e  electrodeposition  of  silver  on  tungsten  and  glassy  carbon  in¬ 
volves  instantaneous  and  progressive  three-dimensional  nucle- 
ation,  respectively,  with  hemispherical  diffusion-controlled 
growth  of  the  nuclei.  The  electrodeposition  of  lead  at  glassy  car¬ 
bon  in  acidic  melt  involves  a  progrrasive  nucleation  process  with 
diffusion-controlled  growth  similar  to  that  found  for  silver.  The 
voltammetric  reduction  of  gold(III)  at  glassy  carbon  in  basic  melt 
produces  an  intermediate  gold(I)  species.  Although  the  Au(I)/Au 
formal  potential  is  more  positive  than  that  of  Au(ni)/Au(I),  this  in¬ 
termediate  is  observed  because  the  electrodeposition  of  gold  at 
glassy  carbon  is  impeded  by  a  large  nucleation  overpotential. 

526  Electrodeposition  of  Palladium  onto  Electrodes  from 
Acidic,  Neutral,  Neutral-Buffered,  and  Bkisic  MEIC-AICI3 

Molten  Salts:  H.  C.  DeLong  and  J.  S.  Wilkes,  The  Frank  J.  Seiler 
Research  Laboratory,  U.S.  Air  Force  Academy,  CO  80840-6528 

The  electrodeposition  of  palladium  onto  various  electrode  sur¬ 
faces  was  examined  in  AICI3-MEIC  molten  salts  at  room  tempera¬ 
ture.  The  behavior  of  palladium  electrodeposition  was  markedly 
dependent  on  the  mole  fraction  of  the  AICI3  in  the  molten  salts. 
Shifting  from  basic  to  acidic  melts,  results  in  a  2.0  V  shift  in  the 
potential  of  palladium.  Mole  fractions  from  0.33  to  0.67N  AICI3 
were  examined.  Large  nucleation  potentials  were  evident  in  the 
basic  melts,  but  not  the  acidic  and  neutral  melts. 

527  Nucleation  and  Morphology  Studies  of  Aluminum  Deposit¬ 
ed  from  an  Ambient-Temperature  Chloroaluminate  Molten 

Salt:  R.  T.  Carlin,  W.  Crawford,  and  T.-L.  Liu,  Dept,  of  Chemistry, 
University  of  Alabama,  Tuscaloosa,  AL  35487,  M.  Bersch,  School 
of  Mines  and  Energy  Development.  University  of  Alabama. 
Tuscaloosa.  AL  35487 

Aluminum  deposition  from  AlCl3:MEIC  (l-methyl-3-ethylimi- 
dazolium  chloride)  was  studied  employing  an  inverted  optical  mi¬ 
croscope  to  perform  in  situ  optical  observations  during  the  deposi¬ 
tion  process  at  a  250  (im  tungsten  microclectrode.  Tnin,  continu¬ 
ous  aluminum  coatings  were  produced  from  a  1.1: 1.0  AICI3MEIC 
molten  salt  using  constant  potential  deptsition  at  potentials  <  -2V. 
At  less  negative  potentials,  the  deposits  di^layed  a  grainy  appear¬ 
ance.  Anmysis  of  chronoampero^ams  indicated  that  the  &posi- 
tion  process  consisted  of  instantaneous  nucleation  followed  by  Ef¬ 
fusion-controlled  growth  of  the  three-dimensional  centers.  Calcu¬ 
lated  nuclear  site  densities  and  grain  sizes  were  in  agreement  with 
the  optical  and  electron  microscope  images. 

528  Ionic  Conductivity,  Thermodynannes  and  IB-Spectroscopy 
of  Tetra-n-Pentylammoniom  Thiocyanate-Benzoic  Acid 

System:  A.  M.  Elias  and  M.  E.  Elias,  D^t.  of  Chemistry,  Lisbon 
University,  Camp  Grande  CL-5‘,  1700  Lisbon,  Portugal 

Electrical  conductivities  were  measured  for  the  binary  system 
tetra-n-pentylammonium  thiocyanate  (QssssSCN)  with  benzoic 
acid  in  the  range  of  temperatures  from  30  to  180'C  and  theoretical 
glass  transition  temperatures,  r„,  were  derived  using  VTF  equa¬ 
tion.  Electrical  conductivities  decrease  as  the  acid  content  increas¬ 
es  in  the  mixtures  and  the  opposite  happens  to  T,  and  T,.  A  partial 
phase  diagram  of  the  system  i^resented,  revealing  an  incongru- 
ent  melting  point  compound.  The  infrared  study  of  the  systems, 
particular^  in  the  ran^  1025-1150‘C  cm*'  also  gives  support  to 
the  formation  of  that  organic  complex. 

529  Max  Bredig  Award  Address:  Through  the  Years  and  Tem¬ 
peratures:  Adventures  in  Molten  Mt  Land:  R.  A.  Oster¬ 
young,  Dept,  of  Chemistry,  State  University  of  New  York,  Buffalo. 
NY  14214 
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A  retrospective  of  the  author’s  tour  through  the  molten  salt 
vineyards  is  presented.  Initial  work  was  performed  in  molten 
BaTiOj  at  very  high  temperatures;  studies  in  KCl-LiCl  and  metal- 
metal  salt  solutions,  at  blissfully  lower  temperatures,  were  fol¬ 
lowed  by  forays  into  molten  nitrates  and  alkali  metal  chloroalumi- 
nates,  at  still  lower  temperatures.  Finally,  work  has  been  carried 
out  at  ambient  temperature  in  organochloroaluminates.  The  work 
in  the  chloroaluminate  area  has  been  supported  by  the  Air  Force 
Office  of  Scientific  Research,  to  whom  much  gratitude  is  owed. 

530  Synthesis  of  Molybdenum-Doped  Alkaline  Metal  Vanadi¬ 
um  Bronzes  by  Molten  Salts  Electrolysis:  V.  Kaneko, 

H.  Ishikawa,  and  H.  Kojima,  Faculty  of  Engineering,  Yamanashi 
University,  Kofu,  Yamanashi  400,  Japan 

Molybdenum  doped  vanadium  bronzes  were  synthesized  by 
electrolysis  of  molten  mixtures  of  VjOs  and  MjMoOj  at  650-750*C 
using  platinum  wire  as  the  cathode  and  carbon  rod  as  anode  in  a 
platinum  crucible.  The  crystals  of  B-Lio29Via2Mooi»05  and  B- 
NaoasV,  aaMoo  isOj  were  obtained  by  electrolysis  of  VaOj  melts  con¬ 
taining  25  m/o  LisMoO,  and  LisMoOi,  respwtively.  The  activation 
energy  of  conductivity  for  Mo-doped  lithium  vanadium  bronzes 
was  less  than  the  non  Mo-doped  bronzes. 

531  Electrodeposition  of  Molybdenum  and  Molybdenum  Car¬ 
bide  Coatings  from  Oxide-Based  Molten  Salts:  J.  R.  Sel- 

man,  B.  Aladjov,  and  D.  Topor,  Dept,  of  Chemical  Engineering, 
Illinois  Institute  of  Technolo®,  Chicago,  IL  60616 

Dense,  well-adherent  molybdenum  and  molybdenum  carbide 
coatings  have  been  deposited  on  mild  steel  substrates  by  electro¬ 
chemical  deposition  from  a  Na2W04-K2W04  molten  bath  contain¬ 
ing  alkali  molybdates  and  carbonates.  Coating  with  a  thickness  of 
up  to  30  pm  have  been  prepared  at  current  densities  between  20 
and  80  mA  cm  ^  under  air  as  ambient  atmosphere.  The  coating 
morphology  depends  strongly  on  melt  composition,  temperature, 
and  moisture  content.  Addition  of  Na2B407  to  the  basic  nonlithium 
bath  composition  causes  significant  morphology  and  quality  im¬ 
provements 

532  A  Novel  Pulsating  Current  Technique  Used  in  the  Study  of 
Platinum  and  Molybdenum  Electives  in  Molten  Silicates, 

Borates,  and  Phosphates:  J.  K.  Higmns,  8  Delph  Top,  Greetby  Hill, 
Ormskirk.  Lancs..  England  L39  2DX 

Comparisons  are  made  between  platinum  and  molybdenum 
electrodes,  between  electrolytes,  with  single  pulse  methods.  Pa¬ 
rameters  measured  included  the  following:  time  to  oxygen  evolu¬ 
tion.  double  layer  capacity,  initial  potential  of  oxide  film  forma¬ 
tion,  thickness  of  oxide  film,  oxygen  evolution  potential.  In  silicate 
melts  at  Pt  the  formation  of  a  monolayer  of  Pt02  delays  the  onset 
of  oxygen  evolution  every  cycle,  but  this  does  not  occur  at  Mo;  salt 
films  are  found  at  Pt  in  phosphates. 

533  Anodic  Reaction  on  Nickel  in  a  Molten  CsF-NH4F-HF  Sys¬ 
tem:  A.  Tasaka,  K.  Mizuno.  K.  Miki.  A.  Kamata,  H.  Teruta, 

W  Sato,  and  K.  Yanagawa,  Dept  of  Applied  Chemistry,  Doshisha 
University.  Imadegawa,  Karasuma,  Kamigyo-ku,  Kyoto  602, 
Japan 

The  electrochemical  behavior  of  nickel  was  investigated  at 
50‘C  in  molten  CsF  NH4F  4HF  Anodic  reaction  on  nickel 
seemed  to  vary  with  increasing  the  potential,  permitting  division 
into  four  regions  stated  as  follows:  Anodic  dissolution  of  nickel  in 
region  I  (0  -  1  V  «s  H2).  formation  of  nickelous  compound  on  nick¬ 
el  in  region  II  (1  -  3  V),  oxidation  of  nickelous  film  to  Ni(III) 
and/or  Ni(IV)  compounds  in  region  III  (3-5  V),  and  electrofluori- 
nation  in  region  IV  (more  than  5  V).  The  current  losses  cauy  -  by 
nickel  dissolution  at  5  -  7  6  V  were  only  1.3% 

$34  Electrochemical  Formation  of  Thin  Carbon  Film  from 
Molten  Chloride  System:  V  /to,  T  Shimada,  and  H.  Kawa- 
mura.  Dept  of  Nuclear  En^neering,  Faculty  of  Engineering.  Ky¬ 
oto  University.  Sakyo-ku,  Kyoto  606,  Japan 

A  novel  electrochemical  process  has  been  proposed  The  pro¬ 
cess  contains  the  following  two  steps.  First,  CO2  gas  is  bubbled 
into  molten  halides  containing  oxide  ion,  to  form  carbonate  ion. 
And  then,  by  electrolysis,  cathodic  reduction  of  carbonate  ion 
takes  place  to  form  various  types  of  carbon  film  on  the  cathode, 
depending  on  the  electrolytic  conditions.  This  paper  describes  the 
results  of  experiments  conducted  by  using  LiCl-KCl  eutectic  melt 
containing  carbonate  ion.  which  exemplified  the  possibility  of  the 
second  step  of  the  above  process.  Especially,  dense  and  adherent 
carbon  film  could  be  obtained  on  the  aluminum  plate  cathode. 

535  Melting  Behavior  for  Powder/Hydrated  Melt  (CaCIt  - 
niitO  n:(.M,  7.35)  Coexisting  Systems:  S.  Deki,  M.  Mizuha- 
ta.  A.  Kajmami,  and  Y.  Kanaji,  Dept,  of  Industrial  Chemistiy,  Fac¬ 
ulty  of  Engineering.  Kobe  University  Rokkodai,  Nada,  Kobe  657, 
Ja^n 

The  melting  behavior  of  CaCl,  hydrate  melt  coexisting  with 
a-AUOa  or  o-SiC  was  investirated  to  to  measured  with  D^.  For 
a-Al20,  powder/CaCl2  6  OO  HjO  hydrate  melt  coexisting  ^tem, 
m  p  of  the  CaCli  6  00  H2O  lowered  and  A/f„  decreased  with  both 
the  decrease  of  the  liquid  content  and  the  increase  of  the  specific 
surface  area  of  the  powder.  The  nonfrozen  liquid  phase  was  ob¬ 
served  near  the  solid  surface.  The  relationship  ^tween  the 
amount  of  the  nonfrozen  liquid.  ♦„n..  and  the  electrical  conductiv¬ 
ity  was  observed  For  a-SiC  powder/CaCI,  6.00  Hj  Ohydrate  melt 
coexisting  system,  m  p  and  AH„  were  constant.  These  behaviors 


led  to  the  conclusion  that  the  phase  transition  of  hydrate  melt  near 
the  surface  of  the  solid  phase  was  influenced  by  the  hydrophilicity 
of  solid  phase  surface. 

536  Transference  Numbers  in  Molten  Fluorides  by  an  Opera¬ 
tionally  Defined  EMF-Metbod:  T.  Ferland,  S.  K.  Ratkje, 

and  H.  Rajabu,  Div.  of  Physical  Chemistry,  Norwegian  Institute  of 
Technology,  N-7034  Trondheim-NTO,  Norway 

A  practical  procedure  for  determination  of  transference  num¬ 
bers  from  EMF  measurement  is  proposed,  using  an  operationally 
defined  method.  The  procedure  is  applied  to  molten  fluorides  us¬ 
ing  literature  data.  We  show  that  EMF  measurements  with  NaF- 
AIF3  are  incorrect;  results  with  NaF  have  no  thermodynamic  sig¬ 
nificance.  Data  for  the  system  NaF-AIF3-Al203  give  only  the  move¬ 
ment  of  one  ion  with  respect  to  the  others,  and  tN,"  is  discussed 
with  F-  as  a  reference. 

537  Thermodynamics  of  Li20-LiF-CaF2  Melts:  R.  G.  Reddy, 
S.  T.  G.  Sampath  Kumar,  and  A.  Narayan,  Dept,  of  Chemi¬ 
cal  and  Metallurgical  Engineering,  University  of  Nevada,  Reno, 
NV  89557 

Processing  of  aluminum-lithium  alloys  by  an  electrochemical 
method  was  investigated.  Thermodynamics  of  solubility  of  lithium 
oxide  in  Li20-LiF-CaF2  melts  was  studied  as  a  function  of  temper¬ 
ature  and  composition;  and  the  solubility  of  Li20  was  found  to  in¬ 
crease  from  10.6  weight  percent  (w/o)  at  1058  K  to  14.8  w/o  at 
1133  K.  The  liquidus  temjTOrature  of  4LiF  •  CaF2  +  Li20  (sat.)  melt 
was  determined  to  be  1004.5  ±  2.5  K.  The  equilibrium  phase  and 
activity  of  Li20  in  the  melts  as  a  function  of  temperature  was  de¬ 
termined. 

538  Predominance  Area  Diagram  of  Niobium  Species  in  Molten 
LiCI  +  KCI  Eutectic;  G.  S.  Picard'  and  P.  Bocage,  Labora- 

toire  d'Electrochimie  Analytique  et  Applique  Unit^  associ^  au 
C.N.R.S.  (URA  No.  216),  Ecole  Nationale  Supdrieure  dc  Chimie  de 
Paris,  75231  Paris  Cedex  05,  France 

Redox  and  acidic  properties  of  dissolved  niobium  chlorides  in 
the  molten  LiCI  +  KCI  eutectic  melt  at  450'C  have  been  investigat¬ 
ed.  Niobium  is  stable  in  the  eutectic  melt  under  four  oxidation 
states:  0,  III,  FV,  and  V  in  oxoacidic  media.  The  standard  potentials 
of  the  corresponding  electrochemical  systems  have  been  deter¬ 
mined  vs.  the  standard  chlorine-chloride  reference  electrode.  I.i 
oxobasic  media  (lithium  oxide  containing  melt),  the  niobium(n)  is 
stable  under  the  form  of  NbO(s).  This  oxide  disproportionates  in 
acidic  media  leading  to  the  formation  of  metallic  niobium  and  nio- 
bium(III).  In  very  basic  media,  Nb02(s)  disproportionates  into 
lithium  niobiate  and  niobium  monoxide.  The  solubility  products 
of  oxides  and  oxychlorides  have  been  also  determined.  An  equilib¬ 
rium  potential-oxoacidity  diagram  of  niobium  is  given. 

539  Thermogravimetric  Study  of  the  800'C  Beaction  of  Zirco- 
nia  Stabilizing  Oxides  with  SOj-NaVOs:  R.  L.  Jones,  Code 

6170,  Naval  Research  Laboratory,  Washington,  DC  20375-5000 
The  reaction  of  the  zirconia  stabilizing  oxides,  Y203,  MgO, 
SC2O3,  and  ln203,  with  molten  NaV03  at  800'C  under  SO3  partial 
pressures  of  10'^  to  10  •  atm  was  studied  by  thermogravimetiy.  The 
difference  in  tendency  for  reaction  with  SOs-NaVOs  for  the  indi¬ 
vidual  oxides  could  be  clearly  distinguished.  Certain  information 
concerning  activity  coefficients  and  other  thermodynamic  data  for 
the  SOs-NaVOs  melt  system  was  also  revealed. 

540  Electroanalytical  Study  of  the  Reduction  of  K2WCI1  in 
Molten  LiCI-KCI  Eutectic:  C.  A.  C.  Setpieira,  Institute  Su¬ 
perior  T^cnico.  Technical  University  of  Lisbon,  1096  Lisboa 
Codex,  Portugal 

The  mechanism  of  the  reduction  of  K2WCI8  in  molten  LiCl-KCl 
eutectic  was  studied  using  cyclic  voltammetry,  chronopotentiome- 
tiy,  and  controlled  potential  coulometry  over  a  temperature  range 
of  400-500'C  and  a  WC1|'  concentration  of  0.0005-0.005  molAiter. 
A  single  irreversible  wave  attributed  to  the  reduction  of  W(rV)  to 
W(III)  was  observed.  The  experimental  results  further  indicated 
the  process  to  be  diffusion  controlled  with  n  =  1.3  and  a  ranging 
from  0.85  to  0.95.  W(III)  is  soluble  at  500'C  and  insoluble,  but  still 
electroactive,  below  460’C. 

541  Electrochemical  Behavior  of  Tantalum  in  Halide  Melts: 

E.  Polyakov  and  L.  Polyakova,  Institute  of  Chemistry  KSC, 
Apatity,  Murmansk  Reg.,  184200  USSR 

A  comparative  study  of  cathodic  and  anodic  processes  during 
the  electrolysis  of  tantalum  containg  melts  is  presented.  The 
voltammetric  data  indicate  that  the  reduction  of  Ta(V)  in  CsCl- 
KCl  NaCl-TaCl  melt  includes  two  steps;  Ta(V)  -» Ta(iV)  -♦  Ta(0), 
whereas  CsCl-KCl-NaCl-K2TaF7  melt  shows  the  one-step  reduc¬ 
tion  of  Ta(V)  ions.  Gravimetric  data  as  well  as  linear  voltammetry 
demonstrate  the  appearance  of  Ta(rV)  and  Ta(V)  chloride  com¬ 
plexes  during  the  anodic  dissolution  of  Ta.  'The  new  wave  on 
voltammograms,  which  distinguishes  a  chloride-fluoride  melt 
from  a  chloride  one  is  associated  with  the  dissolution  of  tantalum 
in  the  form  of  fluoride  complexes. 

542  Physical  Elcctrochemistiy/High  Temperature  Materials 
Models  of  Alumina  Dissmtion  in  Cr^lite:  F.  G.  Haver- 

camp,  B.  J.  Welch,  and  J.  B.  Metson,  Dept,  of  Chemical  and  Mate¬ 
rials  Engineering,  University  of  Auckland,  Auckland,  New 
Zealand 
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Two  simple  models  for  the  dissolution  of  dispersed  alumina  in 
molten  cryolite  bath  have  been  developed.  The  first  model  is  one 
where  the  rate  of  reaction  depends  on  only  the  surface  area  of  the 
alumina.  The  dissolving  alumina  is  regarded  as  shrinking  hard 
spheres.  The  second  m<Sel  is  a  development  of  the  first,  «mere  a 
competing  reverse  action  is  supposed  to  take  place  which  is  depen¬ 
dent  on  the  concentration  of  alumina  in  the  cryolite  bath. 

543  The  Effects  of  pH  and  Temperature  on  the  Structure  and 
Properties  of  Molten  Sn(2+)  Dicarboxylates:  T.  A.  Ibidapo, 

Dept,  of  Chemical  and  Polymer  Engineering,  Lagos  State  Univer¬ 
sity,  P.M.B.  1087,  Apapa,  Nigeria 

Sn(2+)  salts  of  dicarbox^ic  acids  (i.e.,  suberic,  sebacic,  dode- 
canedioic,  isophthalic,  propoxyterephthalic,  and  terephthalic) 
were  synthesized  from  aqueous  solution  by  the  double  decomposi¬ 
tion  reaction  using  various  conditions  of  temperature  (20,  50,  and 
98*0  and  pH  (6.4,  8.0,  and  11,6)  and  then  fused.  The  molten  salts 
were  characterized  by  the  properties  of  polymeric  materials.  They 
exhibited  relatively  high  shear  rate  and  temperature  dependent 
melt  viscosities.  They  showed  the  Bams  Effect  which,  along  with 
their  shear  rate  dependent  elastic  modulus.  G'  is  an  indication  of 
their  elasticity. 

ElECTROCHEAAICAL  SENSORS  IN  MEDICAL  SCIENCE 
Sensor 

544  Development  of  an  Implantable  Glucose  Sensor:  G.  S.  Wil¬ 
son  and  y.  Zhang,  Dept  of  Chemistry,  University  of 

Kansas.  Lawrence.  KS  66045,  D.  Moatti-Sirat,  V.  Poitout,  and 
G.  Reach.  INSERM  U341,  Service  de  Diab^tologie,  Hotel-Dieu. 
75005  Paris,  France,  D.  R.  Thevenot,  LABAM  Universiti  Paris  Val 
de  Marne,  94010  Creteil  Cedex,  France 

A  needle-type  subcutaneous  glucose  sensor  was  developed  and 
Its  performance  evaluated.  The  sensor  has  an  overall  diameter  of 
0  35  mm  and  length  of  35  mm  It  can  be  sterilized  and  stored  in  a 
dry  state  for  extended  periods  Extensive  in  vivo  tests  were  con¬ 
ducted  in  dogs  and  rats.  The  sensitivity  decreases  in  the  first  few 
hours  of  implantation  and  then  remains  essentially  unchanged  for 
at  least  10  days.  The  sensor  output  follows  glycemla  closely  with  a 
3  min  lag-time  Typical  in  vivo  sensitivity  was  between  0.2-0.8 
nA/mM.  A  bioassay  and  histological  studies  were  also  employed  to 
evaluate  biocompatibility. 

34$  Permeability  of  Glucose  and  Other  Neutral  Molecules  in 
Nafion  Films  Cured  at  23  and  I20‘C;  D.  J.  Harrison  and 
Z.  Fan.  Dept  of  Chemistry,  University  of  Alberta,  Edmonton. 
Alta  .  Canada.  TOG  2G2, 

The  permeation  of  neutral  species  through  Nafion  is  critical  to 
Its  application  as  a  protective,  selective  coating  on  electrodes  in 
harsh  sample  environments  Nafion  protects  glucose  electrodes  in 
whole  blood,  however,  both  glucose  and  O2  must  permeate  it.  Lit¬ 
tle  is  known  about  neutrals  in  Nafion,  particularly  solvent  recast 
and  thermally  cured  forms.  We  find  neutral  forms  of  glucose,  hy- 
droquinone.  and  ascorbic  acid  have  effective  diffusion  coefficients 
of  3  4.  5.4,  and  22  x  10  ’  cmVs  in  Nafion  cured  at  25'C.  Curing  at 
120"C  with  dimethylformamide  reduces  these  values  4  to  8  fold 
and  decreases  the  film  solubility 

348  Ampcrometric  Glucose  Sensors  Based  on  Glucose  Oxidase 
Immobilized  in  Nafion*:  T  A.  Zawodzinski  Jr.  and  S. 
Gottesfeld.  Electronics  Research,  Los  Alamos  National  Laborato¬ 
ry,  Los  Alamos.  NM  87545,  J  Rishpon.  Dept  of  Biotechnology. 
University  of  Tel  Aviv,  Ramat-Aviv,  69978  Tel-Aviv,  Israel 

Humidification  of  polymer  electrol^e  fuel  cells  is  essential  to 
maintaining  adequate  conductivity  within  the  ionomeric  mem¬ 
brane  and  within  the  polymer/C/Pt  composite  catalyst  layer. 
Sorption  of  water  by  the  polymer  is  thus  a  crucial  element  in 
achieving  optimal  fuel  cell  performance.  Qualitative  observations 
suggest  that  the  surface  of  these  perfluorinated  membranes  is  hy¬ 
drophobic  Characterization  of  the  surface  of  several  membranes 
by  contact  angle  measurements  and  attempted  chemical  modifica¬ 
tions  tor  enhanced  hydrophilicity  are  described. 

347  Development  of  a  Transdemwl  Electrocbemical  Sensor  for 
the  Continuous  Monitoring/Rccording  of  Alcohol  Vapor 

L  Swette.  N.  Kackley.  and  A.  B.  LaConti,  Giner,  Inc.,  Waltham, 
MA  02154,  R.  M.  Swift.  Brown  University,  Providence,  RI  02912 
The  measurement  of  alcohol  consumption  over  long  time  peri¬ 
ods  is  important  for  monitoring  treatment  outcome  and  for  re¬ 
search  applications  Giner,  Inc.,  has  developed  a  small  wearable 
device  that  senses  ethanol  vapor  at  the  skin  surface,  and  stores 
several  days  of  data  recorded  at  2  to  5  min  intervals.  The  sensor  is 
an  electrochemical  cell  that  generates  a  continuous  current  pro¬ 
portional  to  ethanol  concentration  This  paper  describes  the  con¬ 
cept  of  electrochemical  transdermal  ethanol  measurement  and 
presents  some  of  the  clinical  data  collected  in  support  of  the  elec¬ 
trochemical  sensor/recorder  development. 

348  Progress  in  the  Devdopment  of  Ampcrometric  Sensors  for 
Measuring  the  Partial  Pressure  of  Oxygen  in  Blood;  J.  S. 

Foos.  Ciba  Coming  Diagnostics.  Medfield,  MA  02052 

The  partial  pressure  of  oxygen  in  blood  is  measured  routinely 
in  medical  laboratories  For  some  time  this  measurement  has  been 
made  using  variations  of  the  amperometric  Clark  sensor  Over  the 
years  the  requirements  of  commercial  blood  instruments  have  be¬ 


come  increasingly  stringent.  The  requirements  for  ease  of  use  and 
lifetime  have  increased,  while  the  neM  for  great  accuracy  and  pre¬ 
cision  remains.  The  evolution  of  the  oxygen  sensor  will  be  ad¬ 
dressed. 

349  Moving  Sensors  from  the  Journal  to  the  Clinical  Lab:  Some 
Real  World  Considerations:  R.  W.  Mason,  Ciba  Coming  Di¬ 
agnostics,  Medfield,  MA  02052 

There  is  much  to  be  learned  from  today’s  many  ioumal  publi¬ 
cations  dealing  with  sensors.  Unfortunately  the  tendency  has  been 
for  authors  to  report  some  of  the  science,  and  not  to  consider  the 
implementation  of  that  science  as  successful  products  for  the  med¬ 
ical  community.  This  paper  presents  some  of  the  issues  that  must 
be  considered  in  the  translation  of  sensors  from  research  articles 
to  useful  clinical  laboratory  tools. 

330  Improved  Adhesion  of  Hydrophilic  Membranes  on  Planar 
Silicon  Based  Oxygen  Sensors:  E.  Aw,  J.  Lee,  C.-Y.  Aw,  and 
J.  C.  Patton,  Microsensor  Technology  Center,  Washington  Tech¬ 
nology  Center,  University  of  Washington,  Seattle,  WA  98195 

Structurally  firm  electrolyte  containing  hydrophilic  polyvinyl 
alcohol  (PVA)  membranes  were  successfully  spin-coated  onto  p- 
type  Si-SiOi  wafers  using  silicon  processing  techniques.  A  silane 
coupling  agent  was  applied  to  improve  the  adhesion  between  the 
silicon  device  and  the  electrolyte-carrying  membrane.  The  perfor¬ 
mance  of  the  novel  polarographic  solid-state  oxygen  sensors  based 
on  this  technology  is  shown  in  this  paper.  From  the  preliminary 
study  we  have  demonstrated  the  possibility  of  mass  production  of 
Clark-type  oxygen  electrode  basM  miniaturized  biosensors. 

351  A  Thin  Platinum  Island  Film  Glucose  Sensor:  B.  Kasap- 
basioglu,  P.  J.  Hesketh,  W.  C.  Hanly,  and  J.  Maclay,  Dept,  of 

EECS  and  Microbiology  and  Iitununology,  The  University  of  Illi¬ 
nois  at  CUcago,  Chicago.IL  60680 

A  25  A  platinum  tmn  film  glucose  sensor  has  been  developed. 
The  island  desim  of  the  metal  film  allowed  the  immobilization  of 
the  glucose  oxidase  on  the  SiOj  surface  in  a  thin  layer  adjacent  to 
the  metal  islands.  The  impedance  of  the  25  A  Pt  thin  film  was 
measured  over  a  frequency  range  of  100  Hz  to  1  MHz.  The  scries 
capacitance  component  of  the  RC  equivalent  circuit  impedance 
changed  by  50%  at  100  Hz  with  560  mM  of  glucose.  The  rate  of 
change  in  the  film  impedance  at  1  kHz  with  time  exhibited  a  rapid 
response. 

352  Evaluation  of  Sensing  Surfaces  for  Use  in  LAPS-Based 
Biosensor  Devices:  L.  Bousse,  Molecular  Devices  Coip., 

Menlo  Park,  CA  94025,  B.  van  der  School  and  N.  F.  de  Rooij,  Insti- 
tut  de  Microtechnique,  University  de  NeuchStel,  CH-2000 
Neuchatel,  Switzerland 

Light-addressable  potentiometric  sensors  in  microvolumes  can 
be  usM  as  sensitive  immunoassays,  and  for  the  rapid  measurement 
of  metabolic  rates  of  small  numbers  of  cells.  The  sensitivity  and 
precision  of  detection  depend  on  the  properties  of  the  pH  sensing 
surface  used.  To  optimize  these  characteristics,  we  have  compared 
three  insulators:  SijN,,  TajOs,  and  NbjOs.  The  best  pH  response 
was  obtained  with  Ta205,  although  long-term  drift  appeared 
er  than  with  SisN,.  NbjOs  has  the  hipest  pH  response,  but  suffers 
from  some  drift,  presumably  caused  by  current  leakage  through 
the  insulator. 

333  Desim,  Fabrication  and  Testing  of  Flexible  Ion  Microsen- 
sots  for  Cardiovascular  Applications:  R.  P.  Buck,  E.  Lind¬ 
ner,  and  V.  V.  Cosofret,  Dept,  of  Chemistry,  University  of  North 
Carolina,  Chapel  Hill,  NC  27599-3290,  R.  P.  Ki^,  Dept,  of  Or¬ 
thodontics  and  Biomedical  Engineering,  University  of  North  Car¬ 
olina,  Cha^l  Hill.  NC  27599,  T.  A.  Johnson,  School  of  Medicine, 
Dept,  of  (cardiology.  University  of  North  (Carolina,  Chapel  Hill, 
NC.  27599,  Af.  P.  Newman.  Dept,  of  OB/GYN,  MetroHealth  Medi¬ 
cal  Center,  Cleveland,  OH  44109 

New.  flexible  mjerosensor  arrays  on  Kapton  using  aminated 
poly(vinylchloride)  or  high  molecular  weight  neut^  carriers 
prove  to  yield  sensors  rivaling  glass  pH  sensors.  Special  redox  in¬ 
ner  reference  electrodes  provide  greater  stability  of  responses  than 
electrodes  of  the  second  kind.  Results  of  both  in  vivo  and  in  vitro 
testing,  and  biocompatibility  studies  show  recent  advances  toward 
the  goal  of  effective  sensors  for  cardiology  and  perfusion  measure¬ 
ments. 

334  Measuiement  of  Guinea-I^  Heart  Intracellular  Potas¬ 
sium  Ion  Concentration  with  Potassium  Microelectrodes: 

y.  Af.  Liu  and  Z.  Q.  Huang,  Dept,  of  Applied  Chemistry, 
Chongqing  University,  Chongqing  630044,  China,  J.  S.  Xiao  and 
S.  Z.  Yon,  Dept,  of  Physiology,  the  Third  Military  Medical  College, 
Chongqing  630044,  China 

Potassium  ion  selective  microelectrodes  (K‘-ISE)  were  used  to 
measure  the  K*  content  in  myocardial  cells  of  normal  and  early 
bum  injured  guinea-pigs.  The  results  proved  that  during  early 
bum  injury,  myocardial  cellular  resting  ^tential  is  decreased,  and 
the  intracellular  K*  concentration  also  decreases,  which  suffiests 
that  during  early  bum  injury,  the  decrease  of  myocardial  c^ular 
K'  concentration  may  be  one  of  the  important  factors  causing  the 
functional  reduction  of  heart-pump. 

333  Carrier  Based  (tetodes:  K.  Seiler  and  W.  Simon,  Swiss  Fed¬ 
eral  Institute  of  Technology  (ETH),  Dept,  of  Organic  Chem¬ 
istry.  CH-8092  Zurich,  Switzerland 
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New  optical  chemical  sensors  (optodes)  selective  for  many  dif¬ 
ferent  analytes  have  been  realized  using  plasticized  poiyfvinyl 
chloride)  membranes.  They  incorporate  sprcially  designed  ehro- 
moionophores  allowing  the  optical  transduction  together  with 
conventional  ion-selective  neutral  carriers.  Such  bulk  optode 
membranes  exhibit  the  theoretically  expected  response  behavior 
They  have  shown  practical  reliability  for  the  determination  of 
clinically  relevant  ions  in  diluted  blood  plasma  samples,  as  well  as 
several  electrically  neutral  analytes  in  different  media. 

556  Towards  Beversible  Sensors  Based  on  Photochemical-Elec¬ 
trochemical  Switching:  M.  J.  Preigh  and  S.  G.  Weber,  Dept. 

of  Chemistry,  University  of  Kttsburgh,  Pittsburgh,  PA  15260 
The  reversible  isomerization  of  photochromic  spiropyrans  and 
spiro-oxazines  potentially  provides  a  means  for  remote  modula¬ 
tion  of  sensor  activity.  The  ability  to  switch  a  sensor  photochemi- 
cally  and  fix  it  electrochemically  would  solve  many  serious  prob¬ 
lems  concerning  sensor  reversibility.  We  have  performed  the  first 
investigation  of  spiropyran  voltammetry  and  discuss  the  electro¬ 
chemical  mechanism  as  it  relates  to  the  photochemical  isomeriza¬ 
tion  of  spiropyrans  and  the  development  of  reversible  metal-ion 
sensors. 

557  Electrochemical  Methods  for  Quantitation  of  Peroxidase 
and  Alkaline  Phosphatase;  H.  Song  and  D.  G.  Hafeman, 

Molecular  Devices  Corp.,  Menlo  Park,  CA  94025 

Electrochemical  methods  have  been  developed  for  ultrasensi¬ 
tive  quantitation  of  the  enzymes  alkaline  phosphatase  (ALP)  and 
horseradish  peroxidase  (HRP).  The  products  of  each  enzyme-cat¬ 
alyzed  reaction  arc  coupled  to  redox  mediators  that  are  detected 
potentiometrically  at  an  inert  metal  electrode.  Quantitation  of 
ALP  at  pH  of  10.0  is  accomplished  via  the  ALP-catalyzed  hydrol¬ 
ysis  of  5-bromo-4-chloro-indolylphosphate  to  the  corresponding 
indole  derivative  and  phosphate;  the  indole  derivative  is  oxidized 
by  a  tetrazolium  mediator,  the  reduction  of  which  is  detected  po¬ 
tentiometrically.  Quantitation  of  HRP  at  5.5  is  accomplished 
via  HRP-catalyzed  tetramethylbenzidine  fTMB)  oxidation  by  hy¬ 
drogen  peroxide;  the  oxidation  product  of  TMB  is  reduced  by  fer- 
rocyanide,  the  oxidation  of  which  also  is  detected  potentiometri- 
cally  In  solid  phase  enzyme-linked  immunoassays,  enzyme  bound 
to  a  solid  phase  may  be  quantitated  with  these  electrochemical 
methods.  In  a  small  volume  detection  cell,  the  assays  have  ex¬ 
tremely  high  sensitivity  and  precision.  Detection  limits  of  912,000 
molecules  of  ALP  (15  attomoles)  and  3.8  million  molecules  of  HRP 
(6.25  attomoles)  were  observed.Tliese  electrochemical  quantitation 
methods  promise  to  have  greater  precision  compared  to  optical  de¬ 
tection  methods,  e  g.,  fluorescence  or  chemiluminescence,  bwause 
of  the  absence  of  interferences  from  optically  dense  substances. 

558  Bicnnuw  Amperometric  Sensors  Using  a  Polymeric  Elec¬ 
tron  Transfer  Mediator  A.  C.  Michael  and  M.  G  .Garguilo, 

Dept  of  Chemistry,  University  of  Pittsburgh,  Pittsburgh.  PA 
15260 

A  bienzyme  amperometric  sensor  for  choline  can  be  prepared 
with  a  combination  of  choline  oxidase  and  horseradish  peroxidase 
immobilized  onto  an  electrode  surface  in  a  redox  poljmer  gel.  De¬ 
tection  limits  in  the  low  micromolar  range  are  obtained  and  the 
sensors  exhibit  subsecond  response  times.  Microsensors  based  on 
this  approach  will  be  suitable  for  in  vivo  studies  of  cholinergic 
neurotransmission.  Incorporation  of  acetylcholine  esterase  will  al¬ 
low  detection  of  acetylcholine  directly. 

559  Glutamate  Electrodes:  Coastruction,  Function,  and  Appli¬ 
cations:  J.  R.  WooduKird*  and  R.  B.  Spokane.  Yellow 

Springs  Instrument  Co..  Yellow  Sprint,  OH  45387,  S.  Parker, 
T  D  Gibson,  and  J.  N.  Hulbert,  Dept,  of  Biochemistry  and  Molec¬ 
ular  Biology.  University  of  Leeds,  Leeds,  England  LS2  9JT.  L.  C. 
Clark,  Jr.,  The  Kettering  Building,  Antioch  College,  Yellow 
Springs.  OH  45387 

Two  typ«  of  glutamate  membrane  have  been  constructed;  one 
by  the  creation  ofa  membrane  sandwich  using  glutamate  oxidase, 
the  second  by  NMP-TCNQ  mediated  direct  coupling  of  dutamate 
oxidase  to  a  carbon  electrode  The  enzyme  electrodes  have  been 
shown  to  be  stable,  linear  up  to  15  mM  glutamate  and  capable  of 
long  term  storage  without  significant  loss  of  activity  The  sand¬ 
wich  membranes  have  been  used  in  experiments  to  monitor  gluta¬ 
mate  on  the  surface  of  the  rabbit  brain  cortex  after  intravenous  in¬ 
jection  of  glutamate 

560  Glutamate  Dehydroceoase-Modified  Carbon  Fiber  Micro¬ 
electrodes  with  Millisecond  Response  Times:  W.  G.  Kuhr 

and  P.  Pantano,  Dept,  of  Chemistry.  University  of  California. 
Riverside,  CA  92521 


Recently  we  reported  the  construction  of  an  enzyme-modified 
carbon-fiber  microelectrode  that  has  the  size,  speed,  and  sensitiv¬ 
ity  required  for  dynamic  measurements  of  in  vivo  biochemical 
processes.  The  covalent  attachment  of  the  enzyme  to  the  carton 
surface  through  a  hydrophillic  tether  employing  biotin-avidin 
technology  allows  the  surface  coverage  of  enzyme  to  be  closely 
controllM  and  subject  to  electrochemical  and  spectroscopic  char¬ 
acterizations.  The  biotin-avidin  “molecular  sandwich”  permits  the 
enzyme  to  be  closely  attached  to  the  carton  surface.  The  major 
virtue  of  the  biotin-avidin  coupling  scheme  is  that  it  permits  the 
selectivity  of  the  electrochemical  measurement  to  be  easily 
changed.  The  possibility  for  fabricating  a  series  of  single-compo¬ 
nent-selective  ultramicroelectrodes  with  millisecond  response 
times  is  demonstrated  here  as  the  selectivity  of  the  electrode  en¬ 
semble  is  changed  by  incorporating  glutamate  dehydrogenase  into 
the  derivatization  procedure. 

561  Application  of  u-Thiocarboxylic  Acid  Monolayers  for  the 
Detection  of  Dopamine  in  the  Presence  of  High  Concentra¬ 
tion  of  Ascorbic  Acid:  D.  Mandler  and  F.  Malem,  Dept,  of  Inorgan¬ 
ic  and  Analytical  Chemistry,  The  Hebrew  University  of  Jerusauem, 
Jerusalem  91904,  Israel 

Self-assembled  monolayers  of  w-thiocarboxylic  acids,  HS- 
(CHzlnCOjH  (n  =  2,  5, 10)  on  gold  electrodes  were  used  as  a  means 
to  induce  electrochemical  differentiation  between  a  neurotrans¬ 
mitter,  dopamine,  and  ascorbic  acid.  The  optimum  differentiation 
was  found  for  n  =  5,  and  it  is  attributed  to  a  compromise  between 
a  well-organized  system  (requires  to  increase  n)  and  a  reasonable 
rate  of  electron  transfer  (requires  to  reduce  n). 

562  Controlled  Binding  and  Electroielease  of  Metal  Ions, 
Dnm,  and  Neurotransmitters  from  Cation  Gate  Composite 

Polymer  FUms  Studied  by  Piezoelectric  Sensor  Technique;  M .  He- 

pep  and  L.  Dentrone,  Dept,  of  Chemistry,  Potsdam  College  of 
SUMY,  Potsdam,  NY  13676 

New  composite  polypyrrole  films  with  cation  gating  properties 
containing  Adenosine  5'-triphosphate  (ATP)  or  flavin  adenine  din¬ 
ucleotide  (FAD)  have  been  prepared.  The  use  of  the  electrochemi¬ 
cal  quartz  crystal  microbalance  (EQCM)  technique  allowed  us  to 
follow  polymerization  process  and  interactions  of  these  films  with 
metal  ions,  drugs,  and  neutrotransmitters.  The  uptake  and  release 
of  metal  ions,  (e  9.,  Ca**,  Mg*^  Zn‘“,  Cd"',  K‘,  Na-),  neuroleptic 
drugs  le.g.,  chlorpromazine,  thioridazine)  and  neutransmitters 
(e.g.,  dopamine)  from  these  composite  polymer  films  have  been  in¬ 
vestigated.  We  have  found  considerable  differences  in  ion  dynam¬ 
ics  for  different  cations. 

563  Effect  of  Overoxidation  on  Uie  Electrochemical  Behav¬ 
ior  of  Polypyrrole  Films  Doped  with  Various  Anionic 

Species:  D.  Belanger  and  F.  Provencher,  D6pt.  de  chimie,  Univer¬ 
sity  du  Quybec  k  Montryal,  Montryal,  Quk.,  Canada  H3C  3P8 

Polypyrrole  film  electrodes  doped  with  various  anions  and  the 
enzyme  glucose  oxidase,  GOD,  were  prepared  on  platinum  elec¬ 
trode  by  oxidative  electropolymerization  of  pyrrole  in  an  aqueous 
solution  also  containing  the  enzyme  and  one  of  the  following  an¬ 
ionic  species:  chloride,  pentanesulfonate,  polyvinylsulfate  or 
poly(4-styrenesulfonate).  The  cyclic  voltammetry  behavior  of  all 
these  composite  electrodes  was  investigated  in  aqueous  0.1  Af  KCl 
and  in  the  same  aqueous  solution  containing  electroactive  redox 
species  such  as  Fe(CN)j’  and  hydroquinone.  Following  overoxida¬ 
tion  of  these  composite  electrodes  at  1.2  V  in  O.lAf  KCI,  the 
voltammetric  responses  changed  dramatically.  The  electroactivity 
of  polypyrrole  was  lost  in  all  cases.  The  voltammetric  responses  of 
the  overoxidized  polymer  electrodes  in  the  presence  of  hydro¬ 
quinone  may  suggest  that  the  electrochemical  oxidation  of  the  lat¬ 
ter  occurs  at  a  polj-pynole  surface  instead  of  the  underlying  plat¬ 
inum  electrode. 

564  PolypynTole-Enzyme  Film  Electrode  Mediated  by  Elec- 
tropofymerized  Catalytic  Polymer  Film:  H.  Tachikawa, 

Z.  Sun,  and  H.  Ge,  Dept,  of  Chemistry,  Jackson  State  University, 
Jackson,  MS  39217-0510 

A  bilayer  thin-film  conducting  polymer  has  been  prepared  on  a 
glassy  carbon  (GC)  electrode  by  successive  electrochemical 
polyrnerizat  ons  of  two  different  polymers:  Catalytic  polymer  and 
enzyme  poljntner.  Either  a  polymetallophthalocyanine  (PMePc)  or 
a  poIymetaUoporphyrin  (PMcPr)  was  used  as  a  catalytic  polymer 
and  an  enzyme  (glucose  oxidase)  doped  polypyrrole  film  (PPy- 
GOD)  was  used  as  an  enzyme  polymer.  Both  the  GC/PMePc/PPy- 
GOD  and  GC/PMePr/PPy-GOD  nlms  show  good  catalytic  behav¬ 
iors  which  include  a  reduced  oxidation  potential  and  an  enhanced 
amperometric  response  with  a  substrate. 
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FUTURE  SOCIETY  MEETINGS 


182nd  MEETING— TORONTO,  ONTARIO,  CANADA— 

OCTOBER  11-16, 1992— HEADQUARTERS  AT  THE  ROYAL  YORK  HOTEL 

The  final  program  will  be  published  in  the  August  1992  issue  of  the  Journal  of  The  Electrochemical  Society. 

Planned  symposia  for  the  Toronto  Meeting  include  the  following:  Electric  Vehicle  Batteries  and  Fuel  Cells.  Environmental  Aspects 
of  Batteries.  Lithium  Batteries.  Battery  General  Session.  High  Temperature  Batteries.  Solid  Polymer  Electrolyte  Fuel  Cells.  Battery, 
End-of-Charge,  and  State-of-Charge  Sensors.  Corrosion  General  Session.  Oxide  Films  on  Metals  and  Alloys.  Corrosion  and 
Reliability  of  Electronic  Materials  and  Devices.  Microscopic  Models  of  Electrode/Electrolyte  Interfaces.  Isolation  and  Trench 
Technology.  Silicon  Nitride  and  Silicon  Dioxide  Thin  Insulating  Films.  Thin  Film  Transistor  Technologies.  Dielectric  Science  and 
Technology/Electronics  Joint  General  Session.  Dielectric  Science  and  Technology/Electronics  Joint  Recent  News  Paper  Session. 
Autocatalytic  Deposition.  Electrodeposited  Contacts  and  Interconnects.  Structure  and  Properties  of  Electrodeposited  Protective 
Coatings.  Electrodeposition  General  Session.  Simulation  of  Electrodeposition  Processes.  Contamination  Control  and  Defect 
Reduction  in  Semiconductor  Manufactunng  I.  High  Purity  and  High  Resistivity  Silicon  II.  Logic  and  Functional  Devices  for  Photonics. 
State-of-the-Art  Program  on  Compound  Semiconductors  XVII.  Third  international  Symposium  on  Focused  Ion  Beam  Technology. 
Environmental,  Health,  and  Safety  Aspects  of  Energy  Systems.  Energy  Technology  General  Session.  Power  Sources  for 
Undenwater  Applications  Characterization  of  Semiconductor  Thin  Films  and  Interfaces.  Hydrogen  Energy  Systems.  Advances  in 
High  Temperature  Interface  Chemistry.  Lighting.  Display  and  Imaging  Technology.  Nonlinear  Optics  and  Materials  Physics  and 
Chemistry  of  Luminescent  Materials  Optoelectronic  Device  Materials  and  Processing.  Scanning  Probe  Microscopy  and  Fabrication. 
Physical  Electrochemistry  General  Session  Electrochemistry  of  Biomaterials.  Charge  Transfer  Process  at  Liquid-Liquid  Interfaces. 
Sensor  General  Session.  Piezoelectric  Sensors.  Recycling  and  Recovery  for  Industrial  Electrochemical  Processes .... 


HONOLULU.  HAWAII— MAY  16-21, 1999— HEADQUARTERS  AT  THE  HILTON  HAWAIIAN  VILLAGE 

183rd  Meeting  of  The  Electrochemical  Society,  Inc.  Cosponsored  by  The  Electrochemical  Society  of  Japan  and 
with  the  cooperation  of  The  Japan  Society  of  Applied  Physics 

The  final  program  will  be  published  in  the  March  1993  issue  of  the  Journal  of  The  Electrochemical  Society. 

Planned  symposia  for  the  Honolulu  Meeting  include  the  following:  Advanced  Engineering  of  Luminescent  Materials  and  Its  Impact 
on  Future  Devices  Batteries  and  Fuel  Cells  for  Stationary  and  Electric  Vehicle  Applications.  Batlery/Energy  Technology  Joint 
General  Session  Carbonate  Fuel  Cell  Technology — Third  International  Symposium.  Chemical  Sensors.  Chemical  Vapor 
Deposition — Twelfth  International  Conference  Chemistry.  Structure,  and  Stochastic  Processes  in  the  Breakdown  of  Passivity. 
Chlor-Alkali  and  Chlorate  Production  Conduction  Processes  in  Disordered  Materials.  Conductive  Polymers  and  Surface  Modified 
Electrodes  Corrosion.  Electrochemistry  and  Catalysis  of  Metastable  Metals  and  Intermetallics.  Corrosion  General  Session. 
Corrosion  Protection  by  Coatings  and  Surface  Modification.  Diamond  Materials — Third  International  Symposium.  Electrocatalysis 
Electrochemical  Processing  of  Tailored  Materials — Second  International  Symposium.  Electrochemical  Technology  Applications  in 
Electronics — Second  International  Symposium.  Electrochemically  Deposited  Thin  Films.  Electrochemistry  of  Cells  and  Organelles. 
Electron  Transfer  in  Organic  Colloidal  Systems  II  Electronic  Materials  Technologies  for  the  21st  Century.  Electronics/Dielectric 
Science  and  Technology  Joint  General  Session.  Electronics/Dielectric  Science  and  Technology  Joint  Recent  News  Paper  Session. 
Environmental  Aspects  of  Electrochemistry  and  Photoelectrochemistry  Fundamentals  of  Solid  Polymer  Electrodes  and  Electrolytes. 
High  Temperature  Materials  Chemistry  VI  Intercalation  Chemistry  and  Intercalation  Electrodes.  Low  Temperature  Electronics  and 
High  Temperature  Superconductivity  Luminescence  and  Display  Materials  General  Session  Mechanistic  Aspects  of  Microbiology 
Influenced  Corrosion — MIC  Metallized  Plastics:  Fundamental  and  Applied  Aspects  IV  Molten  Salt  Chemistry  and  Technology — 
1993 — International  Symposium  New  Mathematical  and  Computational  Methods  in  Electrochemical  Engineering.  New  Sealed 
Rechargeable  Batteries  and  Supercapacitors  Physical  Electrochemistry  General  Session.  Polymers  for  the  21st  Century.  Quality 
Management  in  Industnal  Electrochemistry.  Redox  Mechanisms  and  Interlacial  Properties  of  Molecules  of  Biological  Importance — 
Fifth  International  Symposium  Semiconductor  Wafer  Bonding:  Science.  Technology,  and  Applications — Second  International 
Symposium  Solar  Energy  Conversion  Using  Solid/Solid  and  Solid/Liquid  Interfaces  Solid  Oxide  Fuel  Cells — Third  International 
Symposium  State-of-the-Art  Program  on  Compound  Semiconductors  XVIII  Surface  Analytical  Methods  and  New  Techniques  tor 
In  Situ  Measurements  The  Role  of  Electrochemistry  in  Organic  Synthesis  and  Organometallic  Chemistry.  Ultra  Large  Scale 
Integration  Science  and  Technology — Fourth  International  Symposium:  (t)  Process  Physics  and  Modeling  in  Semiconductor 
Technology— Third  International  Symposium.  (2)  Contamination  Control  and  Defect  Reduction  in  Semiconductor  Manufactunng  If; 
(3)  Fine-Line  Lithography  and  Pattern  Technology:  (4)  Highly  Selective  Dry  Etching  and  Damage  Control;  (5)  Interconnects.  Contact 
Metallization  and  Multilevel  Metallization.  (6)  Reliability  of  S^iconductor  Devices.  Interconnects  and  Thin  Insulator  Matehals 


EXTENDED  DEADLINE  SYMPOSIA 


STATE-OF-THE-ART  PROGRAM  ON  COMPOUND  SEMICONDUCTORS  XVI 
*  Sponsored  by  The  Electronics/Dielectric  Science  and  Technology  Divisions 

Abstracts  565  SOA  -  588  SOA 


QUANTUM  CONFINEMENT 

•  Sponsored  by  The  New  Technology  Subcommittee/Electronics/Dielectric 
Science  and  Technology  Divisions 
Abstracts  589  QUA  -  595  QUA 

MICROMACHINING  AND  MICROSTRUCTURES 
Sponsored  by  The  New  Technology  Subcommittee/Sensor  Group/Electronics/Dielectric 

Science  and  Technology  Divisions 
Abstracts  596  MIC  -  612  MIC 


FULLERENES:  CHEMISTRY,  PHYSICS  AND  NEW  DIRECTIONS 
*  Sponsored  by  The  Physical  Electrochemistry/Dielectric  Science  and 
Technology/Electronics  Divisions 
Abstracts  613  FUL  -  697  FUL 


JOINT  RECENT  NEWS  PAPER  SESSION 
*  Sponsored  by  The  Electronics/Dielectric  Science  and  Technology  Divisions 

Abstracts  698  RNP  -  709  RNP 


J.  Electrochem.  Soc.,  Vol.  139,  No.  4.  April  1992  ©  The  Electrochemical  Society,  Inc. 


223C 


181st  Meeting  of  The  Electrochemical  Society,  Inc. 
Adam's  Mark  Hotel,  May  17-22,  1992 

Extended  Deadline  Symposia 
Programs  and  Abstracts 


STATE-OF-THE-ART  PROGRAM  ON  COMPOUND  SEMICONDUCTORS 

(SOTAPOCS  XVI) 

Electronics/Dielectric  Science  and  Technology 

Room  43,  4th  Level 


TUESDAY,  MAY  18,  1992 


WEDNESDAY,  MAY  20,1992 


V.  Swaminathan,  Chairman;  N.  Bucklay. 

VicaChairman 

2  00  OEIC  Tachnoiogicai  Compatibility:  Soma  565  SOA 

Examplaa  for  Photoracaivar  Applications  -  D. 

Oacoatar 

2:40  Tachnological  Aspacta  of  Prima  Importanca  for  566  SOA 
Parformancas  of  Microwava  Oavicas  *  M. 

Francois  and  J.  Vanbramaarsch 

3  20  Noval  In^Ga,  ^s/GaAs  Gradad  Suparlattica  567  SOA 

Chann«l  (0.2  s  y  s  0.4) 
ter  Ptaudomorphic  AI.Ga,  ,As/ln,Ga,  ,As  HFET  - 
J.  Kraua.  H  Maachada.  O.  Liu.  W  Prost,  and  F 
J.  Taguda 

3:40  Fraquancy  Raaolvad  Admittanca  Maaauramanta  560  SOA 
on  InAIAa/InQaAa/lnAIAa  Singla  Quantum  Walla 
Appliad  to  Datarmina  tha  Conduction  Band 
Ottaal  and  tha  Captura  Tima  Conalant  -  J  M. 
LopaZ'Villagaa.  P.  Roura.  J.  Boach,  J.  R. 

Moranta,  A.  Gaorgakilaa,  and  K.  Zakantaa 


WEDNESDAY,  MAY  20.  1992 


G.  Valeo,  Chairman:  A.  Katz.  Vica-Chairman 

2:00  Gaa-aourca  MBE  of  (Ga,AI)Aa  Using  Only 
Gaaaoua  Sourcaa  ter  HBT  Applications  -  T.  Fujii, 
H.  Ando.  A.  Sandhu,  N.  Okamoto,  S.  Yamaura, 
T.  Takahashi,  and  N.  Yokoyama 
2:40  Strain  Ralaaaa  in  MBE  Grown  InGaAs/GaAs 
Suparlatticaa  -  C.  Fattari,  M.  R.  Bruni,  M.  G. 
Simaona,  F.  Martalli,  L.  Lazzarini,  L.  Nasi,  C.  E. 
Norman,  and  G.  Salviati 

3:00  Formation  of  Quasi-Quantum-Wiras  by  Strain 
Inducad  Lataral  Layar  Ordaring  Procass  ■  K.  Y. 
Chang  and  K.  C.  Hsiah 
3:20  Tan-mi”  •-•ta  intarmission 

3:30  Surfaca  Modification  and  Stabilization  in  GaAs 
and  InP  -  J.  Shirafuji  and  T.  Sugino 
4:10  Achiavamant  of  tha  Thaoratical  Rasolution  of 
Elactron  Baam  Lithography  on  Thick  GaAs 
Substratas  -  S.  A.  Dickay.  T.  McCormick,  and  A. 
Majarfald 

4:30  Spaculation  on  tha  Effacts  of  tha  Interaction 
Batwaan  HCI  and  HNO,  on  tha  Etching  of 
llluminatad  n-QaP  in  HCI/HNO,  -  H.  F.  Hsiah 
and  H.  C.  Shih 


T  Kamijoh.  Chairman:  J  P  Vileot, 

Vice-Chairman 

9  00  Material  and  Procass  Considerations  in  tha  569  SOA 
Manufacture  of  GaAs  Electronic  Oavicas  C  L 
Reynolds 

9  40  Growth  Tamparatura  Optimization  ter  InAIAs  570  SOA 
Molecular  Baam  Epitaxy  -  A.  Gaorgakilas.  A 
Christou.  G  Halkias.  K.  Zakantas,  N  Kornillios, 

A  Dimoulas.  F  Pairo,  A  Cornet.  A  Tabata.  T 
Bonyattou.  and  G  Guillot 

10  00  Atomic  Layar  Epitaxy  Growth  and  571  SOA 

Characlarizabon  of  InP/OaAs  -  L  Lazzarini.  0 
Bartona.  P  Franzosi.  C  E  Norman,  and  G 
Salviati 

10  20  Tan-minuta  intarmission 

10  30  Plasms  Assisted  Epitaxy  of  Compound  572  SOA 

SamicorMiuetors  -  T.  Hariu 

1110  Low  Pressure  MOVPE  of  GaInP/GaAs  573  SOA 

Hatarofunctions  -  Growth  Interruption  Studies 
Using  EDMI  and  TEG  -  K.  Chou.  B.  Pathangay. 
and  T.  Anderson 

1130  Tha  Eflact  of  the  Sulfur  Partial  Ptassure  on  tha  574  SOA 
Qrosdh  of  CulnS,  Singla  Crystals  -  M  L 
Faarharlay.  M.  Kanis.  and  S  Fiaehlar 

1150  Tharmal  Daeomposition  of  Copper  575  SOA 

Acatylacatonata  Sludiad  by  Using  Fouriar 
Transtorm  Inbarad  Spacboacopy  -  Y.  Chartg 


THURSDAY.  MAY  21.  1992 

C.L.  Reynolds,  Chairman;  D.  Dacostar, 
Vice-Chairman 

9:00  Wafer  Laval  Characterization  of  InP  and  GaAs 
Based  Devices  -  G.  E.  Carver  and  R.  W. 
Haabnar 

9:40  Nondestructive  Evaluation  of  AIGaAs/GaAs 
Hataroiunebon  Structures  by  Photoluminascanca 
Spacboacopy  -  Z  H.  Lu.  M.  C.  Hanna,  u.  G.  Oh. 
E.  Mao.  B.  W.  Kim.  A.  Majarfald,  P.  D.  Wright, 
and  L.  W  Yang 

10:00  Vary  High  Quality  GaAs/AIGaAs  Multiple 
Quantum  Wall  Sbucturas  Grown  by  Atmospheric 
Pressure  MOVPE  -  E  Mn.  Z  H.  Lu.  B.  W  Kim. 
T.  McCormick.  E.  G  Oh.  and  A.  Majarfald 
10:20  Tan-minuta  intermission 
10:30  AlAa/QaAs  Lattica  Paramatar  Maasuramant  by 
High  Resolution  X-Ray  Diffraction  -  C.  Ferrari,  C. 
Bocchi.  P.  Franzosi.  A.  Bosacchi.  and  S.  Franchi 
10:50  X-Ray  Diffraction  and  Elacbon  Microscopy 
Charactarization  of  H,  Implantsd  InP  Singla 
Crystals  -  P.  Franzosi.  C.  Bocchi.  L.  Qastaldi,  L. 
Lazzarini.  aiKl  Q.  Salviati 

11:10  Structural  Characterization  by  TEM  of  Sbainad 
InOaAs/lnAIAs  Quantum  Wall  Sbucturas  -  F. 
Piero.  A.  Cornet.  J.  R.  Moranta.  A.  Gaorgakilas. 
and  Q.  Halkias 

11:30  Spacbal  Daeomposition  of  Mapped  PIMR 
Semiconductor  Wafer  Charactarization  DMa 
Using  Numerical  Fraquancy  Domain  Mathods  - 
E.  R.  Atsrood  and  R.  J.  Gutmann 


576  SOA 
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578  SOA 

579  SOA 

580  SOA 

581  SOA 

582  SOA 
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Abstracts 


365  SOA  OElCs  Technological  Compatibility:  Some  Exam¬ 
ples  for  Photoreceiver  Applications:  D.  Decoster, 
Centre  Hv'perfrequences  et  Semiconducleurs  U.A.  CNRS  287, 
Universile  dcs  Sciences  et  Techniques  de  Lille  Flandres  Artois,  F- 
59655  Villeneuve,  D’Ascq  Cedex,  France 

III-V  Optoelectronic  integrated  circuits  (OEICs)  require  the 
monolithic  fabrication  of  different  components,  each  with  its  own 
material  and  structure  parameters.  Optimum  performance  can 
then  be  attained  if  each  device  can  be  designed  with  ideal  thick¬ 
nesses  and  doping  levels  of  the  various  epilayers.  Unfortunately,  a 
multilayer  structure  that  can  be  optimum  for  one  particular  de¬ 
vice.  for  example  a  photodetector,  cannot  be  optimum  for  a  tran¬ 
sistor.  or  an  optical  waveguide.  Such  a  problem  explains  the  tech¬ 
nological  difficultie.s  for  the  fabrication  of  OEICs.  In  this  paper, 
we  present  and  discuss  recent  advances  on  monolithic  inte^ation 
of  photodetectors  with  field  effect  transistors  or  optical  wave¬ 
guides.  Various  types  of  pholodeleclors  are  investigated  (photo- 
conductors.  MSM.  )  and  emphasis  is  made  on  the  use  of  large 
lattice  mismatch  materials  and  selective  epitaxy  to  combine  inde¬ 
pendently  on  the  same  substrate,  the  various  epilayers  needed  for 
('ach  function  whatever  the  substrate  is  (Si.  GaAs, .  .  .). 

566  SOA  Technological  Aspects  of  Prime  Importance  for  Per¬ 
formances  of  Microwave  Devices:  M  Fra7icois  and  J. 
Vanhn’mccrsch,  Centre  Uyperfrcquenccs  et  Semiconducleurs, 
I’niversitc  des  Sciences  et  Technologies  de  Lille.  F-59655  Vil¬ 
leneuve  d'Ascq  Cedex,  France 

In  this  paper,  we  present  an  overview  of  our  recent  techno- 
Irigicai  improvemenl.s  applit'd  to  microwave  devices  .such  as; 
MKSFKT.  IlEMT.  HFET.  resonant  tunneling  diode,  etc.  Epitaxial 
structure  and  tin-hnological  process  directly  acting  on  the  device 
intrinsic  performances  and  parasilics  are  of  prime  importance  for 
iheir  microwave  behavior  Effects  such  as  parasitic  capacitances 
and  resistatu’cs  and  gate  position  strongly  influence  the  cutoff 
I'reciuencv.  tran.sconductancc  of  FETs.  and  noise  level.  Special 
•'mphasis  is  made  on  new  techniques  such  as  Y  and  T  shaped 
t  laAs  FFT  gate  .ALso  di.scu.ssod  are  some  more  techniques  such  as 
air  bridges  .As  an  example,  wc  have  recorded  a  transconduc- 
tance  uf  !  A  S  mm  and  a  cutoff  frequency  of  100  GHz  for  a  GaAs 
MFSFFT  We  diseuss  particularly  the  connection  between  the 
material  (NIFF  growth  m  our  laboratory),  the  technology,  and  the 
oerfiirmtinces  of  these  devices 

.')67  SO.\  Novel  Ifi,Gai.,A.s/GaAs  Graded  Superlattice  Chan¬ 
nel  (0.2  <  v  <  0.4)  for  Pseudomorphic  AI,Gai  «As/ 

ln.(ia,  ,  As  HFET:  J.  Kraus,  fl  Meschede.  Q.  lAu.  W.  Prost.  and 
h'  .1  Tfgude.  Solid  State  Electronics  Dept,.  University-GH-Duis- 
)mrg,  Sonderforschungsbereich  254.  D-4100  Duisburg.  Germany 
In  order  to  improve  the  high  frequency  performance  of 
A1  G.i  .As  In  (Ja  As  HFKT  devices  a  graded  InyGa,.^A.s/GaAs 
Miperiattiee  as  active  channel  laver  is  introduciKi.  Concerning  the 
.muting  tactors.  critical  thickness  and  surface  roughness,  our  new 
approach  permits  the  use  of  higher  indium  composition.  Layers 
weir  grown  i)v  MBK  under  optimized  In,,Ga.^As  growth  condi- 
Moti's  ev  aiiiated  from  KHFFI)  measurements  The  superlattico  is 
d«"sign*’<i  to  utilize  high  indium  concentration  (>;i0"’o)  at  the  loca¬ 
tion  of  maximum  firobabilitv  density  of  elix-trons.  only  Starting 
with  1 J  monolayers  In  Cla  As  at  th(*  bottom  interface  the  indi¬ 
um  content  was  increased  up  to  40".>  m  A  steps  interrupted  by  4 
mono!.{s  ors  of  GaAs  These  barriers  are  transparent  to  the  elec¬ 
tions  .11  cording  to  photoluminescence  measurements  leading  to 
an  ovtimated  earner  concentration  of  ti,  =  2  Id'  cm  ’.  Regarding 
MTeening  effect.s  sufficient  mobilities  of  p  .,„,k  =  4.200  cm-/Vs  and 
u  .  -  20  iMMi  em-/Vs  were  measured  by  magnolotransconductancc 
profiling  Devices  with  gate  length  L..  =  05  pm  and  width  IV,.  = 
I’o  uni  were  processed  using  optimized  optical  lithography.  A 
tnaxirnum  transconductance  of  =  410  mS/mm  could  bo 
-ichit’ved  From  on-wafer  RF  measurements  an  intrinsic  current 
gain  cutoff  frequency  of  f,  -  86  GHz  can  be  exlractt'd  leading  lo 
an  aviTage  earner  veliK'ilv  of  r  =  2.7  1 0  cm/s  These  value's  rep- 
u  sont  a  distinct  im  rease  of  about  40%  compared  to  homogen 
In  ( la  As  i  hanncl  HFKT  with  same  dimensions 

.568  SDA  Frequency  Resolved  Admittance  Measurements  on 
InAIAs/InGaAs/lnAIAs  Single  Quantum  Wells  Ap¬ 
plied  to  l>etermine  The  Conduction  Band  Offset  and  the  Capture 
Time  Constant  J  M  Lopez- Vifleptw.  P  Roura,  J  Bosch,  andJ.  R. 
Mi)rant(\  LCMM  Dept  de  Fisica  Aplicada  i  Electronica,  Univ.  de 
Marci'lona  Diagonal  647.  E-08028  Barielona  Spain,  A.  Georgakt- 
l(is  and  K  Zckevtes.  F(^RTH.  Heraklion.  Crete,  Greece 

The  frequency  resolved  admittance  measurements  have  been 
usial  to  determine  the  conduction  band  offset  and  the  capture 
lime  constant  of  la,  Al.,  «HAs/In,Ga,  ^As/Ia,  vAl,  „As  single  quan¬ 
tum  well  structure's  (SQW)  A  theoretical  analysis  of  the  SQW  ad¬ 
mittance  which  takes  into  account  nimparabolicity  of  the  conduc¬ 
tion  band  has  l)een  performed  The  deduced  expres.sions  of  the  ca¬ 
pacitance  and  the  conductance  as  a  function  of  both  bias  and  fre- 


*  An  asterisk  by  a  name  indicates  which  author  wilt  present  the 
paper 


uency  have  been  used  to  fit  the  experimental  data.  So,  the  con- 

uction  band  offset  and  the  capture  time  constant  have  been  ob¬ 
tained.  Two  different  well  compositions,  x  =  0  53  lattice  matched 
and  X  =  0.60  strained,  have  been  studied  In  both  cases  the  well 
width  is  5  nm.  Our  results  indicate  that  the  conduction  band  off¬ 
set  at  room  temperature  are  =  0.50  ±  0.02  eV  for  x  =  0.53  and 
AEc  =  p-55  ±  0.02  eV  for  x  =  0.6.  The  capture  time  constant  is  found 
to  be  in  the  range  of  10  ’*-10  s  in  both  cases.  A  discussion  of  the 
obtained  values  is  reported. 

569  SOA  Materia)  and  Process  Considerations  in  the  Manu¬ 

facture  of  GaAs  Electronic  Devices:  C.  L.  Reynolds, 
Jr.,  AT&T  Bell  Laboratories.  Reading,  PA  19612 

The  use  of  GaAs  for  the  fabrication  of  microwave  devices  and 
high  speed  inte^ated  circuits  has  led  to  considerable  expansion 
of  production  facilities.  While  the  main  focus  has  been  on  im¬ 
proved  materials  growth  and  the  development  of  suitable  process 
techniques,  the  need  for  higher  performance  and  yield  provides 
the  driving  force  for  more  uniform  growth  and  control  of  wafer 
processing.  An  understanding  of  the  relationship  between  materi¬ 
als  characteristics  and  device  performance  and  the  interaction  be¬ 
tween  growth  structures  and  processing  is  crucial  lo  success.  In 
this  talk  we  address  some  oi  the  material  and  process  issues 
which  arise  during  the  fabrication  of  self-aligned  refractory  gate 
integrated  circuits  using  complex  heterostructures.  In  particular, 
the  role  of  interfacial  impurities  on  carrier  depletion  and  the  mo¬ 
bility  of  the  two-dimensional  electron  gas  in  selectively  doped 
helerostructure  transistor  wafers  are  discussed.  It  is  found  that  C 
and  Si  impurities  at  the  interface  can  dramatically  influence  the 
threshold  voltage  of  depletion-mode  field  effect  transistors.  High 
temperature  activation  of  ohmic  implants  in  a  self-aligned 
process  can  result  in  Si  dopant  outdiffusion  with  subsequent  lay¬ 
er  disordering  of  the  heteroslructure,  which  also  affect  the  two- 
dimensional  electron  gas  These  and  other  topics  are  elaborated. 

570  SOA  Growth  Temperature  Optimization  for  InAlAs  Mo¬ 

lecular  Beam  Epitaxy:  A.  Georgakilas  and  A.  Chns- 
tou.  University  of  Maryland.  CALCE  Center  for  Electronics.  Col¬ 
lege  Park.  MD  20742,  G.  Halkias,  K.  Zekentes,  N.  Komilios,  and 
A.  Dimoulas,  F*oundation  for  Research  and  Technology.  I.E.S.L., 
71 1  10  Heraklion,  Crete.  Greece,  F.  Peiro  and  A.  Comet,  Universi- 
tat  de  Barcelona,  Av.  Diagonal  647.  E-08028  Barcelona.  Spain.  A. 
Tabata.  T.  Bonyattou,  and  G.  Guillot.  INSA  de  Lyon,  LPM  Bat. 
602.  69621  Villeurbanne  Cedex.  France 

There  are  a  considerable  number  of  publications  dealing  with 
the  properties  of  InAlAs  CTown  by  molecular  beam  epitaxy  (MBE) 
and  their  correlation  to  the  MBE  growth  conditions.  However,  the 
determination  of  temperature  and  growth  conditions  of  MBE  In¬ 
AlAs  remains  a  problem.  Thus,  we  have  undertaken  a  systematic 
study  of  InAlAs  MBE.  Choosing  a  stable  AS4:  (Ga  +  In)  equivalent 
beam  flux  pressure  ratio  of  25.  we  varied  the  growth  temperature 
between  300  and  590’C.  growing  undoped  or  Si-doped  .samples. 
Structural  (TEM.  SEM)  optical  (PL.  PR)  and  electrical  (Hall.  CV. 
DLTs)  characterization  techniques  have  been  used  to  assess  the 
properties  of  the  films.  The  results  indicate  that  acceptable  quali¬ 
ty  of  InAlAs  for  most  applications  can  be  grown  al  a  growth  tem¬ 
perature  around  530'C.  This  temperature  can  be  calibrated  in  re¬ 
spect  to  RHEED  transitions  appearing  before  grow'lh  initiation 
for  the  As  stabilized  InP  surface.  Our  conclusions  are  in  agree¬ 
ment  with  Welch  et  al.  |APL.  46.  169  (1985))  who  had  found  an 
optimum  growth  temperature  of  510  C  for  InAlAs  optical  proper¬ 
ties  Additionally,  we  addressed  both  structural  and  electrical  as¬ 
pects  of  the  material  obtaining  an  understanding  about  their  in¬ 
terrelation.  We  discuss  our  results  as  well  as  the  implications  in 
reTs  performance 

571  SOA  Atomic  Layer  Epitaxy  Growth  and  Characteriza¬ 

tion  of  InP/GaAs:  L.  Lazzaiini,  C.N.R.-MASPEC  In¬ 
stitute.  Parma,  Italy.  D.  Bertone,  CSELT,  Torino.  Italy,  P.  Fran- 
zosi.  C.  E.  Norman,  and  G  Salviati,  C.N.R.-MASPE(!)  Institute. 
Parma.  Italy 

The  study  of  the  InP/GaAs  system  is  interesting  as  an  inter¬ 
mediate  step'to  growth  of  InP/Si  because  of  the  intermediate  lat¬ 
tice  mismatch  {-  4%)  and  thermal  expansion  coefficient  of  GaAs 
with  respect  to  InP  and  Si.  The  samples  were  grown  by  atomic 
layer  epitaxy  at  .■'40''C  in  a  low-pressure  melallorganic  chemical 
vapor  neposition  system  using  a  pulsed  flow  of  TMIn  and  PHa  in 
an  argon  atmosphere,  with  a  thickness,  t,  ranging  between  5  and 
150  nm.  The  structural  quality  of  the  layers  was  investigated  by 
double  crystal  diffraction  (DCD)  and  electron  microscopy  tech¬ 
niques.  DCD  rocking  curves  evidenced  different  amounts  of  strain 
release  in  layers  of  different  thickness;  in  particular  the  layer  with 
*  =  150  nm  was  completely  relaxed  whereas  the  specimen  with  t  < 
5  nm  was  almost  completely  strained.  Further,  the  x-ray  peak 
full-width-half-maximum  decreased  by  increasing  the  layer 
lhicknes.s.  Cross-section  transmission  electron  microscopy  inves¬ 
tigations  in  the  high  resolution  (HREM)  mode  revealed  misfit  dis¬ 
locations  at  the  InP/GaAs  heterointerface  and  stacking  faults  in 
the  bulk  epilayers.  No  threading  dislocations  were  observed.  The 
InP  quality  improved  by  increasing  the  layer  thickness  and  the 
defect  density  decreased  beyond  =  100  nm  from  the  heterointer¬ 
face  Both  90"  and  60’  type  dislocations  were  evidenced  by  the 
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Burgers  vector  analysis  m  the  HREM  mode.  Finally,  the  influence 
of  different  annealing  conditions  on  the  layer  structural  quality  as 
also  studied  by  DCD  and  HREM  investigations. 

572  SOA  Plasma-Assisted  Epitaxy  of  Compound  Semicon¬ 

ductors:  T.  Hariu.  Dept,  of  Electronic  Engineering. 
Tohoku  University.  Sendai  980,  Japan 

Plasma-assisted  epitaxy  (PAE)  has  been  developed  for  low 
temperature  epitaxial  growth  of  semiconductors  including  sur¬ 
face  cleaning  of  substrates  in  view  of  its  fundamental  advantage 
that  internal  energy  for  enhanced  chemical  reaction  and  kinetic 
energy  for  enhanced  migration  over  the  growing  surface  can  be 
both  given  to  supplied  species  in  plasma.  Design  consideration  of 
growth  chamber  and  plasma  diagnostics  including  optical  emis¬ 
sion  spectroscopy  to  detect  active  species  and  the  results  of  low- 
temperature  epitaxial  growih  of  compound  semiconductors  (Ill-V 
and  U-VI)  mainly  on  GaAs  and  Si  are  reviewed.  Hydrogen  plasma 
treatment  has  been  found  to  be  effective  in  removing  native  oxide 
at  a  lower  temperature  of  GaAs  (-270^0  and  Si  (~450'C).  The 
successful  epitaxial  growth  of  InSb,  InAs,  GaSb,  GaAs.  (In,  Ga) 
As.  (In.  Ga)  Sb.  In  (As,  Sb).  and  ZnSe  has  been  achieved  at  lower 
temperatures  than  the  growth  without  pla.sma.  It  is  also  shown 
that  such  growth  conditions  as  RF  power  applied  to  plasma  and 
supply  ratio  V/III  or  \T/II  should  be  optimized  because  the  elec¬ 
tronic  properly  and  surface  morphology  depend  much  more  criti¬ 
cally  upon  them  at  a  lower  growth  temperature.  Optical  emission 
spectrosc(»py  revealed  that  one  of  the  important  advantages  of 
PAE  is  the  enhanced  chemical  reactivity  of  group  V  elements  by 
plasma-cracking  of  their  molecules  supplied  by  evaporation  into 
excited  atoms, 

573  SOA  Low  Pressure  MOVPE  of  GalnP/GaAs  Heterojunc- 

tion.s:  Growth  Intemiptioj  Studies  Using  EDMI  and 

TEG:  K  Chou.'  B.  Pathanqey,  and  T  Anderson.  Dept,  of  Chemi¬ 
cal  Engineering.  University  of  Florida.  Gainesville,  FL  3261 1 

A  w  icle  range  of  nanostructure  devices  such  as  optical  thyris¬ 
tors.  quantum  "well  lasers,  and  superlattice  photodetectors  with 
high  speed  capabilities  are  currently  being  grown  by  molecular 
[)eam  epitaxv  (MBE)  and  organometallic  vapor  phase  epitaxy 
(OMVPE)  techniques.  The  performance  of  such  devices  depend  oh 
the  quality  of  the  interfaces  between  two  different  compound 
semiconductors  Atomic  scale  structural  disorder  at  the  growth 
surface  creates  inierfacial  compositional  variations  that  result  in 
the  poor  device  performance.  This  problem  can  be  alleviated  by 
scheduling  growth  mlerruptiuns  to  give  interface  stabilization  foV 
a  specific  growth  system.  Growth  of  GaInP/GaAs  helerostruc- 
tures  require  simultaneously  switching  the  arsenic,  phosphorus 
and  indium  supply  to  the  interfaces.  Single  and  multiple  quantum 
well  structures  of  nominally  lattice  matched  GaInP/GaAs  with 
e(jual  and  variable  well  size.s  were  grown  in  a  low  pressure 
( )MVPE  reactor  The  influence  of  vaiymg  the  duration  oi  growth 
interniption.s  on  the  interfacial  abruptness  and  compositions  were 
t’xamined  u.stng  the  e.i'  situ  characterization  techniques;  high  res- 
<ilution  x-ray  diffraction  (FWHM  and  intensity  of  primary'  and 
satellite  peaks),  low  temperature  photoluminescence  (FWHM  and 
energy  shifts  due  to  i}uantum  confinement),  and  high  resolution 
transmission  electron  microscopy  (w'ell  thickness  and  interface 
disorders)  Under  conditions  of  continuous  growth  front  (without 
inlerruplions).  the  interface  was  found  to  contain  regions  of  al¬ 
tered  growth  compositions  resulting  from  the  incorporation  of 
phosphorus  and  indium  in  GaAs  layers.  For  longer  interruptions, 
the  growth  front  lends  to  become  rough  due  to  highly  strained  in- 
terfacial  regions.  The  optimal  lengths  of  interruptions  at  both 
( oiInP-lo-ChiAs  and  CJaAs-to-GalnP  interfaces  have  been  found 
to  vary  with  the  growth  temperatures  as  well  as  the  molar  V/IIl 
ratio  for  the  well  layers 

574  SOA  The  Effect  of  the  Sulfur  Partial  Pressure  on  the 

(irowth  of  CulnS;  Single  Crystals:  M.  L.  Fearheiley. 
M  Kanis.  and  5  Fiechter.  Hahn-Meitner-lnstitut-Berlm.  Bereich 
Photochemi.sche  Encrgieumwandlung.  1000  Berlin  39.  Germany 

The  chalcopyrite  CuInS.  has  an  optimum  bandgap  for  the  di¬ 
rect  conversion  of  solar  energy  However  the  optimization  of  this 
material  has  not  progressed  very  rapidly  One  reason  is  due  to  the 
fact  that  the  growth  from  stoichiometric  melts  of  large,  high  qual¬ 
ity  single  crystals  of  CuInS^  have  been  inhibited  by  the  presence 
of  two  solid-state  phase  transformations  which  induce  cracking 
of  the  material  Rwentlv  we  have  shown  that  it  is  possible  to  pro¬ 
duce  single  crystals  of  moderate  size  with  the  gradient  freeze 
technique,  but  only  under  elevated  pressures.  To  determine  the 
optimum  conditions  for  the  growth  of  large,  homogeneous  single 
(Tvstals,  different  vapor  p»^ssures  of  sulfur  have  been  used  with 
and  without  argon  overpressures  We  discuss  the  best  conditions 
for  -Single  crystal  growth,  A  comparison  of  the  material  properties, 
obtain^  by  EDX,  Hall  measurements,  and  phololuminescence. 
w  ith  growth  conditions  is  presented 

57  5  SOA  Thermal  Decomposition  of  Copper  (aceWfacetonate) 

Studied  by  Using  Fourier  Transform  Infrared  Spec¬ 
troscopy:  y,  Chfino,  Dept,  of  Chemical  Engineering.  Iowa  State 
I'niversity.  Ames.  lA  5001 1 

Thermal  decomposition  phenomena  of  copper  (acetylaceto- 
nate)  during  the  copper  oxide  metal  organic  chemical  vapor  depo¬ 
sition  (MOeVD)  process,  was  studied  oy  gas  phase  transmission 
F/)Urier  transform  infrared  spectroscopy  (FTTR).  differential  scan¬ 


ning  calorimetry  (DSC),  and  thermogravimetric  analysis  (TGA). 
Decompositions  of  Cu  (acac)-.  were  performed  at  atmospheric 
pressure  in  either  inert  or  oxidizing  environment.  FTIR  spectra  of 
the  gas  phase  decomposed  products  revealed  that  pyrolysis  pat¬ 
terns  were  affected  by  the  temperature  and  the  chemical  nature  of 
ambient  From  150°  to  250°C,  CO.  and  H.O  were  the  primary  va¬ 
por  phase  species.  Above  280°C,  acetylacetone,  the  ligand  of  the 
Cu(acac):;  precursor,  was  the  primary  high  molecular  w’eighl 
specie  found  in  the  inert  (He)  environment.  In  an  oxidizing  envi¬ 
ronment.  acetone  was  the  primary  gas  phase  specie.  The  amounts 
of  CO2.  alky!  alcohol,  and  H^jO  also  increased  significantly  when 
oxygen  was  introduced  into  the  MOCVD  reactor.  DSC  was  per¬ 
formed  to  determine  the  impacts  of  heating  rate  and  oxygen  to  the 
decomposition  of  Cu(acac)j. 

576  SOA  Gas-Source  MBE  of  (Ga,  Al)As  Using  Only  Gaseous 

Sources  for  HBT  Applications:  T.  Fujii,  H  Ando,  A. 
Sandhu,  N.  Okamoto,  S.  Yamaura,  T.  Takahashi,  and  N.  Yokoya- 
ma,  Fujitsu  Laboratories  Ltd..  10-1  Morinosato-Wakamiya,  Alsu- 
gi  243-01,  Japan 

Gas-source  molecular  beam  epitaxy  (GSMBE)  is  a  promising 
method  for  the  growth  of  carbon-doped  base  GaAs/AlGaAs  hel- 
erojunction  bipolar  transistors  (HBTs).  The  ability  to  repro- 
ducibly  control  the  doping  of  n-AlGaAs  has  been  a  major  concern 
for  the  practical  application  of  GSMBE  for  the  growth  of 
GaAs;C/AlGaAs  HBTs.  We  have  carried  out  extensive  studies  into 
the  n-type  doping  of  AlGaAs  by  C}S^(ffiE  using  trielhylaluminum 
(TEA)  and  trimethyiamine  alane  as  aluminum  sources;  triethyl- 
gallium  as  the  gallium  source;  cracked  arsine  as  the  arsenic 
source;  and  uncracked  disilane  as  an  n-type  dopant  source.  Fur¬ 
thermore.  we  grew  a  carbon-doped  base  (p  =  4  x  10“'*  cm 
irimethylgallium  as  the  carbon  source)  GaAs/AlGaAs  HBT  hav¬ 
ing  a  silicon  doped  emitter  layer  (n  =  9  x  lO*'  cm  TEA).  The  emit¬ 
ter-base  ideality  factor  was  1.12,  indicating  that  an  excellent 
junction  had  been  formed  using  silicon  and  carbon.  The  dc  cur¬ 
rent  gain  was  53  at  a  current  density  of  3  x  10*  A/cm  Device 
charaolerislics  under  current  stress  are  presented,  and  we  discuss 
the  implications  of  our  results  for  the  future  development  of 
GSMBE  for  device  applications. 

577  SOA  Strain  Release  in  MBE  Grown  InGaAs/GaAs  Super¬ 

lattices:  C.  Ferrari.  C.N. R.-MASPEC  Institute.  Par¬ 
ma.  Italy,  M.  R.  Bruni  and  M.  C.  Sirneone,  ITSE.  Monterotondo 
(Roma).  Italy.  F.  Marielli.  Fondazione  U.  Bordoni.  Roma.  Italy.  L. 
Lazzarini.  L.  Nasi.  C.  E.  Norman,  and  G.  Salviati.  C.N, R.- 
MASPEC  Institute.  Parma.  Italy 

Strained  heleroslruciurcs  arc  attractive  because  of  the  more 
flexible  tailorabilily  of  their  electronic  properties,  which  arises 
from  the  competition  of  quantum-size  efk'cls  and  strain-induced 
effects,  In^Ga,  ,A.s/GaAs  superlaltices  (SLs)  (0.065  <  a’  <  0.194) 
were  grown  in  a  conventional  MBE  system  at  530''C  both  for 
buffers  and  epilayers.  The  structural  quality  of  the  layers  has 
been  studied  by  double  cr\’.slal  diffractomeliy  (DCD),  low  tempcr- 
ature  spectroscopic  calhodoluminescence  (LTSCL).  room  temper¬ 
ature  panchromatic  CL.  and  both  scanning  and  transmission  elec¬ 
tron  microscopy  lechnique.s.  All  the  layers  showed  good  cr>’StaJ 
quality  despite  the  presence  of  misfit  dislocations  parallel  to  the 
<no>  directions.  A  broadening  of  the  full  width  half  maximum  of 
both  LTSCL  and  DCD  peaks  was  observed  with  increasing  In 
content.  DCD  rocking  curves  suggested  that  the  structure  with 
the  lowest  In  concentration  was  fully  strained  despite  a  low  con¬ 
centration  of  dislocations  (<I0*  cm  ')  observed  using  CL.  Proof 
that  this  structure  w  as  in  a  mctaslable  slate  came  from  CL  obser¬ 
vations  of  an  as>*mmelric  dislocation  movement  under  electron 
beam  irradiation  in  the  scanning  electron  microscope.  The  struc¬ 
tures  with  higher  In  content  had  relaxed.  Cross-section  transmis¬ 
sion  electron  microscopy  investigations  showed  that  dislocations, 
which  high  resolution  electron  microscopy  showed  to  be  mainly 
60  type,  were  present  at  the  InGaAs/GaAs  interface  and  in  the 
buffer  layer  No  dislocations  threading  the  layers  w'ere  observed. 

578  SOA  Formation  of  Quasi-Quantum-Wires  by  Strain-In¬ 

duced  Lateral  Layer  Ordering  Process:  K.  Y.  Cheng 
and  K.  C.  Hsieh,  311  Microelectronic  Lab..  University  of  Illinois 
Urbana.IL  61801 

The  formalion  mechanism  of  the  quasi-quantum-wdre  struc¬ 
tures  formed  in  vertical  (GaAs)„/(InAs)„  and  (GaP)„/(InP)„  short- 
period-superlatlices  (SPS)  (r?  =  1  or  2)  CTown  on  nominally  (100) 
fnP  and  GaAs  substrates,  respectively,  have  been  investigated  by 
examining  the  microstructure  of  the  SPS  grown  under  different 
column  III  flux  ratios  with  transmission  electron  microscopy.  The 
strain  induced  from  the  deviation  in  periodicity  of  the  SPS  layer 
(n)  from  an  integer  number  of  monolayers  is  the  major  dn^ng 
force  of  the  lateral  modulation  of  the  composition  along  the  (110) 
direction.  When  the  periodicity  deviation  is  larger  than  5%,  both 
(GaAs)„/(InAs)„  and  (GaP)n/(InP)„  vertical  SPS  layers  were  found 
to  have  a  lateral  periodic  modulation  of  compewition  with  period¬ 
icities  as  small  as  '-200A.  The  existence  of  lateral  two-dimension¬ 
al  quantum  confinement  in  these  quasi-quantum-wnre  structures 
have  been  confirmed  by  polarized  photoluminescence  measure¬ 
ments 

579  SOA  Surface  Modification  and  Stabilization  in  GaAs  and 

InP:  J.  Shirafuji  and  T.  Sugino,  Dept,  of  Electrical 
Engineering,  Faculty  of  Engineering,  Osaka  University,  2-1  Ya- 
mada-nka.  Suita.  Oi^ka  565.  Japan 
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More  improvement  of  Schottky  barrier  contacts  and  insula- 
tor-semiconductor  interfaces  of  GaAs  and  InP  necessitates  the  de¬ 
velopment  of  surface  modification  and  stabilization  techniques. 
Much  interest  is  also  paid  on  suppressing  surface  damage  during 
various  plasma  processes  such  as  reactive-ion-etching.  This  paper 
describes  effects  of  PH  t  (phosphine)  plasma  treatment  on  the  sur¬ 
face  properties  of  GaAs  and  InP,  including  partly  H2  plasma  and 
UV  excimer-laser  excited  PH3  treatment  effects.  The  PH3  plasma 
treatment  makes  us  expect  the  following  various  effects:  (i)  Atom¬ 
ic  hydrogen  removes  native  oxide  of  GaAs  or  InP  surface,  (it) 
Phosphorus  atom  substitutes  for  arsenic  near  the  surface  of  GaAs. 
This  may  reduce  elemental  arsenic  formation  at  the  surface,  (iii) 
Phosphorus  atom  hlls  As-  and  P-vacancies,  if  existing,  near  the 
surface  of  GaAs  and  InP,  respectively.  Preferential  etching  of 
phosphorus  in  the  course  of  plasma  processes  can  be  suppressed 
in  InP.  (iu)  Amorphous  phosphorus  layer  which  can  be  u^  as  an 
insulating  or  a  passivation  layer  is  deposited  by  adjusting  sub¬ 
strate  temperature.  Phosphidization  of  GaAs  surface  by  PH3  plas¬ 
ma  treatment  reduces  generation  of  arsenic  oxide  and  free  ar¬ 
senic.  The  release  of  the  surface  Fermi  level  pinning  by  the  treat¬ 
ment  is  suggested  by  the  observation  of  the  metal  work  function 
dependence  of  Schottky  barrier  height.  Generation  of  EL2  defects 
which  are  induced  during  Ar  or  H.>  plasn'j*  process  is  found  to  be 
suppressed  in  the  case  of  PH:,  plasma  due  to  the  existence  of  ex¬ 
cess  phosphorus,  A  visual  inspection  reveals  reduced  preferential 
removal  of  phosphorus  from  the  InP  surface  in  the  PH.i  plasma  in 
comparison  witn  or  Ar  plasma.  The  effective  suppression  of 
surface  damage  of  InP  during  plasma  process  is  demonstrated 
clearly  by  DLTS  measurement.  A  combined  process  of  PH,  plas¬ 
ma  treatment  and  Se  vapor  passivation  shows  a  much  improved 
dependence  of  the  Schottky  barrier  height  on  the  metal  work 
function  in  InP. 

580  SOA  Achievement  of  the  Theoretical  Resolution  of  Elec¬ 

tron  Beam  Lithography  on  Thick  GaAs  Substrates: 

*S*  A  Dickey,  T  McCormick,  and  A.  Majerfeld.  Dept  of  Electrical 
and  Computer  Engineering,  Universitv  of  Coloraao.  Boulder,  CO 

8n;n»9 

Wo  present  E-beam  lithography  expenments  performed  with 
an  atomic  resolution  scanning  transmission  electron  microscope 
(STEM)  that  show^  that  the  proposed  resolution  limit  of  10  nm  for 
PMMA  resist  on  thick  substrates  (1)  can  be  realized.  This  limit  is 
independent  of  beam  spot  size  or  electron  b<.'am  energv*  For  these 
experiments  a  spot  size  of  2  6  nm  and  beam  encrgN’  of  200  keV 
wore  used  It  is  nomonstrated  that  clean  1 1.5  nm  lines  can  be  de¬ 
fined  in  .single  layer  PMMA  on  thick  GaAs  substrates-  We  also  ob¬ 
served  that  SEM  imaging  allowed  accurate  direct  measurement  of 
the  written  features  in  the  resist  at  200  keV  The  dependence  of 
feature  size  on  dose  exposure  on  100  nm  monolayer  PMMA  films 
<in  thick  semiconductor  substrates  is  discussed,  as  well  as  the  fab¬ 
rication  of  arravs  of  dots. 

1  A  N  Bn>ers.  IRMJ  Res  Develop.,  32,  502  (1088) 

581  SOA  Speculation  on  the  Effects  of  the  Interaction  Be¬ 

tween  HCI  and  HNO3  on  the  Etching  of  Illuminated 
n-GaP  in  HCI/HNO,:  H.  F  Hsteh  and  H  C  Shih.  Dept  of  Materi¬ 
als  Science  and  Engineering.  National  Tsing  Hua  University. 
Hsinchu  .80043.  Taiwan,  China 

Some  interesting  phenomena  were  found  in  illuminated  n- 
GaP  in  the  mixture  of  concentrated  HCl/HNO,  solutions  No  trace 
i>f  reactirm  products  has  been  detected  by  inductively  coupled 
plasma  emission  spectromelr>'  in  the  etching  solution  which  was 
prepared  by  dissolving  the  most  concentrated  HCI  and  HNO,  in 
the  adequate  amount  of  pure  water  followed  by  a  uniform  mix  of 
individual  solutions  However,  from  the  qualitative  observation  of 
the  way  m  w  hich  the  surface  on  the  sample  foamed  in  the  solution 
which  was  obtained  from  the  mixture  oAhe  tw’o  most  acidic  solu¬ 
tions.  then  It  was  diluted  to  the  same  concentration  as  mentioned 
above  It  appeared  that  the  reaction  (K'curred  suddenly  and  rapid¬ 
ly  Knowl<yge  of  this  difference  is  of  particular  importance  to  in¬ 
dicate  which  parameter  controls  the  etching  reactivity  of  the 
n  -GaP  in  a  mixture  of  hydrcKhloric  and  nitric  acids  Brown  fumes 
were  observed  to  evolve,  presumably  nitrogen  dioxide,  when  the 
two  most  acidic  solutioiis  were  mixed  with  each  other  On  the 
contrary,  no  gas  was  evolved  from  the  mixture  of  the  two  diluted 
acids  (Tonsequently.  it  is  revealed  that  etching  is  very  susceptible 
to  the  attack  and  dissolution  by  the  prcxiuct  of  the  reaction  be¬ 
tween  hydrochloric  and  nitric  acids 

582  SOA  Wafer  Level  Characterization  of  InP  and  GaAs 

Based  Devices:  G.E.  Carver  and  R  W.  Heebner. 
AT&T  Bell  l>aboratones,  Princeton.  NJ  08540 

Micron-sizcnl  defects  in  GaAs  and  InP  wafers  have  been  de¬ 
tected  via  spatially  resolved  photoluminescence  (SRPL).  Contrast 
levels  in  SRPL  scans  are  due  to  local  variations  in  electron/hole 
pair  recombination  rates.  Optical  contrast  is  interpreted  by  ana¬ 
lyzing  the  composition  and  structure  of  scanned  areas  with  de¬ 
structive  techniques  such  as  TEM,  SIMS,  and  chemical  etching. 
SRPL  scans  are  dii?played  on  a  video  monitor  with  a  250  by  250 
micron  field  of  view  This  limited  field  size  allows  for  the  ob^rva- 
lion  of  micron-sized  features,  but  necessitates  high  rate  scanning 
such  that  wafer  maps  can  be  generated  in  reasonable  lengths  oT 
time  Further,  defects  within  video  frames  must  be  counted  in  real 
time  Color  coded  maps  of  GaAs  and  InP  wafers  separate  and  dis¬ 
play  the  spatial  distrioutions  of  bulk  defect  density  and  localized 


polishing  damage.  The  impact  of  defects  on  device  performance 
depends  on  the  nature  of  the  defect,  the  device  design,  and  the  lo¬ 
cation  of  the  defects  within  the  device.  Wafer  level  maps  in  semi- 
insulating  GaAs  wafers  have  been  spatially  registered  to  regions 
destined  to  become  the  gates  of  FETs.  Maps  in  quaternary  epitax¬ 
ial  films  on  InP  wafers  must  be  registered  to  areas  that  will  form 
the  mesas  in  semiconductor  laser  structures. 

583  SOA  Nondestructive  Evaluation  of  AlGaAs/GaAs  Het- 

erojunction  Structures  by  Photoluminescence  Spec¬ 
troscopy:  Z.  H.  Lu,  M.  C.  Hanna,  E.  G.  Oh,  E.  Mao,  B.  W.  Kim,  and 
A.  Majerfeld,  Dept,  of  Electrical  and  Computer  Engineering,  Uni¬ 
versity  of  Colorado,  Boulder.  CO  80309.  P.  D.  Wright,  Martin 
Kestrel  Co..  Colorado  Springs,  CO  80921.  L.  W.  Wang,  Ford  Mi¬ 
croelectronics,  Inc.,  Colorado  Springs,  CO  80908 

We  show  an  essentially  nondestructive  method  of  using  low 
temperature  photoluminescence  (PL)  spectroscopy  for  the  evalua¬ 
tion  of  npn  heterojunction  bipolar  transistor  (HBT)  wafers.  The 
hole  density  in  the  base  of  carbon  doped  HBT  structures  w  as  de¬ 
termined  from  the  PL  emission  peak  associated  with  the  p’-GaAs 
on  the  basis  of  significant  bandgap  narrowing  in  heavily  doped 
GaAs.  In  addition,  we  observed  pnysically  significant  correlations 
between  the  other  PL  emission  peaks  and  key  electrical  properties 
of  the  HBTs,  in  particular,  the  quality  of  the  emitter-base  hetero- 
junction.  We  applied  this  method  to  characterize  HBT  structures 
with  base  thickness  of  75-100  nm  and  hole  density  of  lO'^-lO-" 
cm  ‘  obtaining  useful  insight  into  the  performance  of  these  de¬ 
vices.  We  also  observ'ed  distinctive  characteristics  of  PL  spectrum 
which  relate  to  the  relative  position  of  the  p-n  and  the  metallur^- 
cal  junctions.  These  results  show  that  PL  analysis  is  a  powerful 
tool  that  can  provide  rapid  feedback  for  the  evaluation  of  hetero- 
junction  structures  and,  therefore,  it  aids  in  the  grow  th  and  de¬ 
sign  of  heterojunction  devices. 

584  SOA  Very  High  Quality  GaAs/AlGaAs  Multiple  Quan¬ 

tum  Well  Structures  Grown  bv  Atmospheric  Pres¬ 
sure  MOVPE:  E.  Mao.  Z  H.  Lu,  B.  W.  Kim.  T.  McCormick.  E.  G. 
Oh.  and  A.  Majerfeld,  Dept,  of  Electrical  and  Computer  Engineer¬ 
ing.  University  of  Colorado.  Boulder,  CO  80309 

We  domonstralc.  for  the  first  lime,  that  GaAs/AlGaAs  multi¬ 
ple  quantum  well  (MQW)  structures  grown  by  the  atmospheric 
pressure  metalorganic  vapor  phase  epitaxy  (MOVPE)  process 
have  state-of-the-art  structural,  electrical  and  optical  properties. 
The  50-weli  MQW  structures,  with  well  thicknesses  ranging  from 
14  to  90  A.  w’ere  grown  at  720  'C  with  irimelhylgallium.  irimelhyl- 
<iJuminum.  and  arsine  as  sources.  The  structures  were  investigat¬ 
ed  by  atomic  resolution  transmission  electron  microscopy  (TEM). 
pnololuminescence  (PL),  and  deep  level  transient  spectroscopy 
(DLTS)  techniques.  A  theoretical  model  including  both  bounH 
and  virtual  states  in  the  MQWs  was  developed  to  correlate  the 
TEM  lattice  imaging  observations  W'ilh  the  interband  10  K  PL 
spectrum  and  inlersubband  infrared  absorption  data.  This  study 
proves  that  MQW  structures  with  wells  as  thin  as  14  A  can  be 
grow'n  by  the  MOVPE  process  having  layer  to  layer  thickness  uni¬ 
formity.  interface  roughness  and  heterojunction  abruptness  of 
only  one  monolayer. 

585  SOA  AlAs/GaAs  Lattice  Parameter  Measurement  by 

High  Resolution  X-Ray  Diffraction:  C.  Ferrari.  C. 
Bocchi,  P.  Franzo.^i,  /V  Bosacchi,  and  S.  Franchi.  C.N.R.- 
MASPEC  Institute,  Parma.  Italy 

The  high  resolution  diffraction  technique  can  be  used  for 
measuring  the  alloy  composition  in  III-V  epitaxial  layers  with  an 
accuracy  which  in  many  cases  is  better  than  1%.  This  method  is 
based  on  the  exact  knowledge  of  the  semiconductor  lattice  para¬ 
meters  and  on  the  application  of  Vegard's  law.  Unfortunalelv  the 
composition  measurement  in  the  GaAlAs/GaAs  system  is  difficult 
because  of  the  small  lattice  parameter  difference  betw’een  AIAs 
and  GaAs  and  the  poor  accuracy  of  the  AIAs  parameter  values  re¬ 
ported  in  the  literature,  some  of  them  being  obtained  from  pow¬ 
der  diffraction  data.  In  this  work  an  accurate  measurement  of  the 
AIAs  parameter  has  been  performed  by  the  analysis  of  the  x-ray 
diffraction  profiles  of  some  AIAs  epitaxial  samples  grown  by  the 
molecular  beam  epitaxy  technique  on  semi-insulating  GaAs  sub¬ 
strates.  X-ray  topoCTaphy  was  used  to  verify  that  no  misfit  dislo¬ 
cations  were  introduced  during  the  growth.  A  very  good  fit  be¬ 
tween  the  experimental  rnd  simulated  piufiles  could  w  obtained 
with  an  AIAs  lattice  parameter  of  5.66203  A  if  a  Poisson  ratio 
n  =  0  299  for  the  elastically  deformed  AIAs  layer  and  a  GaAs  lat¬ 
tice  parameter  of  5.6535  A  were  assumed.  An  accurate  analysis  of 
the  diffraction  profiles  also  evidenced  a  small  mismatch  between 
the  semi-insulating  substrate  and  the  undoped  GaAs  cap 

586  SOA  X-Ray  Diffraction  and  Electron  Microscopy  Char¬ 

acterization  of  H2  Implanted  InP  Single  Crystals:  P 

Frnmosi  and  C.  Bocchi,  C.N.R.-MASPEC  Institute.  Parma,  Italy. 
L.  Gastaldi,  CSELT.  Torino.  Italy,  L.  Lazzarini.  and  G.  Salviaii. 
C.N.R.  MASPEC  Institute.  Parma.  Italy 

was  implanted  in  n-type  InP  crystals  grown  by  the  liquid 
encapsulated  Czochralski  method,  the  ion  energy  as  200  KeV  and 
the  dose  ranged  from  5  10’ ’  to  5  10’  ’  cm  The  structural  prop¬ 
erties  were  studied  by  x-ray  diffraction  and  transmission  electron 
microscopy.  T^e  lattice  strain  was  measured  using  both  a  double 
crystal  oiffractometer  and  a  high  reso’ution  diffractometer 
equipped  with  a  four  crystal  monochromator,  Cu  Ka,  radiation. 
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004  symmetric  and  117  asymmetric  reflections  were  used.  By 
means  of  standard  simulation  procedures  the  depth  dependence 
of  the  lattice  strain  normal  to  the  surface  was  determine.  Hj  im- 
lantation  has  been  found  to  produce  a  lattice  dilation;  for  the 
ighest  dose  (5  10' '  cm  -)  a  maximum  strain  of  about  2.1  •  10  -  has 
been  obtained.  The  strain  decreases  rapidly  by  decreasing  the 
do.se  and  no  strain  has  betm  observed  for  doses  smaller  than 
o  -  10'  ‘  cm  -.  The  correlation  between  doses  and  distribution  and 
nature  of  extended  defects  has  been  studied  both  by  conventional 
and  high  resolution  electron  microscopy  on  both  (001)  plan  view 
and  (Oil)  cros.s-.sectional  samples  prepared  by  iodine  ion  milling. 
The  defect  depth  distribution  has  been  correlated  to  the  strain 
depth  profiles  obtained  from  x-ray  diffraction;  finally,  the  defect 
nature  and  its  influence  on  the  strain  profiles  has  been  also  stud¬ 
ied  by  comparing  x-ray  and  electron  microscopy  results. 


587  SOA  Structural  Characterization  by  TEM  of  Strained 
InGaAs/lnAlAs  Quantum  Well  Structures:  F.  Peiro, 
«4.  Cornet,  and  J  R.  Morante,  LCMM.  Depi.  Ffsica  Aplicada  i 
Electnmica,  U  B  .  08028  Barcelona.  Spain,  A.  Georgakilas  and  C. 
Hnlkins,  F  O.R.T.H.,  Heraklion.  Crete 

Lately  there  has  htnm  extensive  research  intt;  the  properties  of 
strained  structures.  It  is  now  clear  that  strain  provides  a  most 
useful  additional  parameter  in  the  de.sign  and  fabrication  of  de¬ 
vices  ba.sed  on  semiconductor  superlaltices  and  multiquantum 
wells  However,  to  dale  these  devices  are  not  fully  developed  due 
to  the  (liffieullies  to  fabricate  structures  with  good  crystalline 
quality  In  this  work  we  use  transmission  electron  microscopy 
ITEM)  to  studv  the  structural  properties  of  .strained  InGaA.s/ 
InAl.-Xs  cjuantum  well  structures  on  InP  substrates  in  order  to  im¬ 
prove  the  technological  growth  conditions.  The  first  part  of  the 
work  w  ill  be  fjevoied  to  the  study  the  optimization  of  the  InAlA.s 
oufl'er  laver  used  to  favor  the  overgrowth  of  the  epilayer  with  a 
good  ervstailine  quality.  Kmally.  a  structural  characterization  of 


the  influence  of  lattice  mismatch  and  epilayer  thickness  on  the 
morphology-  of  the  single  and  multiple  quantum  well  structures  is 
presented. 

588  SOA  Spectral  Decomposition  of  Mapped  PBVtR  Semicon¬ 
ductor  Wafer  C^racterization  Data  Using  Numer¬ 
ical  Frequency  Domain  Methods:  E.  R.  Atwood  and  R.  J.  Gut- 
mann.  Dept,  of  Electrical,  Computer  and  Systems  Engineering. 
The  New  York  State  Center  for  Advanced  Technology  in  Autr  na¬ 
tion  and  Robotics  and  The  Center  for  Integrated  Electronics. 
Rensselaer  Polytechnic  Institute,  Troy,  NY  12180 

Photoinduced  microwave  reflectometry-  (PIMR)  is  used  in  con¬ 
junction  with  image  processing  methods  to  produce  spatially  re¬ 
solved  maps  of  structures  across  semi-insulating  gallium  arsenide 
and  indium  phosphide  substrates.  Two  maps  of  peak  conductivity 
trartsient  data  are  obtained  using  AlGaAs  and  GaAs  pulsed  lasers 
For  GaAs  substrates  the  optical  excitation  is  above  and  below 
bandgap.  while  for  InP  both  lasers  are  above  bandgap.  Previous 
work  has  shown  that  for  GaAs  substrates  the  peak  photo  induced 
transient  response  is  related  to  shallow  acceptor  and  defect  con¬ 
centrations.  while  the  InP  peak  transient  response  is  sensitive  to 
surface  quality.  A  third  map  of  conductivity  (dark)  is  obtained 
without  optical  excitation.  The  mapped  dark  data  represents 
variations  in  material  conductivity,  augmented  by  the  effect  of 
wave  interactions  between  the  microwave  probe  system  and  the 
wafer  under  test.  Image  processing  using  Fourier  domain  tech¬ 
niques  allows  separation  of  mapped  photo-induced  peak  transient 
data  from  dark  mapped  data.  Image  processing  also  provides  a 
way  to  separate  the  peak  transient  response  from  the  tw’o  differ¬ 
ent  optical  sources  into  correlated  and  uncorrelated  transient  re¬ 
sponse  maps.  The  maps  yield  spatial  information  related  to  car¬ 
rier  generation  and  recombination.  The  mapped  PIMR  method 
combined  with  image  processing  can  provide  an  enhanced  non- 
contacting  nondestructive  method  for  the  characterization  of 
GaAs  and  InP  semiconductor  substrates. 
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Andrews  and  G.  K  Celler,  Editors.  A  1991  symposium  924 
pages.  $72.00  Member,  $86.00  Nonmember. 

First  International  Symposium  on  Ionic  and  Mixed  Conduct¬ 
ing  Ceramics.  (PV  91-12)  T.  A.  Ramanarayanan  and  H.  L. 
Tuller,  Editors.  A  1991  symposium.  264  pages.  $30.00  Mem¬ 
ber,  $36.00  Nonmember. 

Fourteenth  State-of-the-Art  Program  on  Compound  Semi¬ 
conductors  and  Large  Area/Scale  Epitaxy  for  lll-V  Device 
Fabrication.  (PV  91-13)  D.  N,  Bucklev  and  A.  T.  Macrander. 
Edilors.  A  1991  symposium.  316  pages,  $45.00  Member, 
$54.00  Nonmember. 

Low  Temperature  Electronic  Device  Operation  (PV  bi-i4).  d. 
Foty.  N.  Saks.  S.  Raider,  and  G.  Oleszek,  Editors.  A  1991 
symposium  256  pages.  $33.00  Member,  $40.00 
Non  member. 

X-Ray  Methods  in  Corrosion  and  Interfac'al  Electrochemistry 

(PV  92-1).  A  Davenport  and  J  G.  Gordon  II.  Editors  A  1991 
symposium  392  pages  iSBN  1-56677-000-9.  $35.00 
Member.  $42.00  Nonmember. 

Diagnostic  Techniques  for  Semiconductor  Materials  and 
Devices  (PV  92-2).  J  L  Benton.  G.  N.  Maracas.  P  Rai- 
Choudhury.  Editors.  A  1991  symposium,  292  pages. 
ISBN  1-56677-001-7  $30.00  Member,  $36,00  Nonmember. 

First  International  Symposium  on  Electrochemical 
Microfabrication  (PV  92-3).  M.  Datta,  K  Sheppard,  and  D. 
Snyder.  Editors  A  1991  symposium.  404  pages.  ISBN 
1-56677-002  5  $35.00  Member,  $42.00  Nonmember. 

Reliability  of  Semiconductor  Devices/Interconnections  and 
Dielectric  Breakdown  and  Laser  Processes  for 
Microelectronic  Applications  (PV  92-4).  H  S.  Rathore.  G  S 
Mathad,  and  D.  B  Nguyen,  Editors.  A  1991  symposium.  340 
pages.  ISBN  1-56677-003-3  $35.00  Member,  $42.00 
Non  member. 

Hydrogen  Storage  Materials,  Batteries,  and  Electrochemistry 

(PV  92-5),  D.  A.  Corrigan  and  S  Snnivasan.  Editors.  A  1991 
symposium.  460  pages.  ISBN  1-56677-006-8.  $36.00 
Member,  $43.00  Nonmember. 
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and  Contact  Metallization  for  ULSI  (PV  92-6).  W.  Greene. 
G  J.  Hefferon,  L.  K.  While.  T.  O.  Herndon,  and  A  L.  Wu. 
Editors.  A  1991  symposium  392  pages.  ISBN  1-56677-(X)7-6. 
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Vica-Chairman 

1 0:00  From  Suparlatticaa.  Quantum  Walla  to  Quantum  589  QUA 

Dots  -  R.  Tsu 

10:45  Samiconductor  Nanocryatala  -  A.  P.  Aliviaatos  590  QUA 

11:30  HBr/HNO,/H,Q  A  Solution  for  Submieromatar  591  QUA 

lll-V  Compounds  Etching:  Diffraction  Gratings, 

Quantum  Wira  and  Quantum  Box  Applications  - 
S.  Pallagrano.  L.  Boschia,  and  P.  Oosta 


WEDNESDAY,  MAY  20,  1992 

R.  Tsu,  Chairman,  E.  H.  Nicollian,  Vica-Chairman 

2:00  Admittanca  of  Silicon  Quantum  Dots  -  E.  H.  592  QUA 
Nicollian 

2:30  Ttwo-DimansionalCarrisrConfinsmantinGaAIAs  593  QUA 
Quantum  Wira  Arrays  Grown  by  Molacular  Baam 
Epitaxy  -  P.  M.  Paboff 

3:00  Quantum  Davicas  or  Quantum  Chaos  -  M.  A.  594  QUA 

Road 

3:30  Garmai,iUm  -  Silicon  Quantum  Wall  Sbucturas  -  595  QUA 

J.  C.  Baan  and  R.  Paopla 


Abstracts 


389  QUA  From  Superlattices,  Quantum  Wells  to  Quantum 

Dots;  R.  Tsu.  University  of  North  Carolina,  Char¬ 
lotte,  NC  28223 

Since  the  introduction  of  superlattices  and  quantum  well 
structures,  it  is  well  known  that  quantum  mechanics  plays  a  major 
role  in  the  understanding  of  quantum  effects.  Quantum  dots  rep¬ 
resent  a  further  leap  into  the  man-made  atoms.  The  physics  and 
chemistry  of  three-dimensional  quantum  confinement  and  its  im¬ 
plication's  on  quantum  devices  are  discussed. 

590  QUA  Semiconductor  Nanocrystals:  A.  P.  Alivisatos,  Dept. 

of  Chemistry,  University  of  California,  Berkeley,  CA 

94720 

Relatively  monodisperse,  high  quality  nanocrystals  of  tl-VI 
and  III-V  semiconductors  can  be  produced  by  colloidal  chemical 
.synthesis.  Because  of  their  finite  size,  these  nanocrystals  have 
rnany  size-dependent  properties,  including:  melting  temperature, 
optical  spectrum,  electron-phonon  coupling,  and  others.  The 
chemical  nature  of  the  nanoctystal  surface  can  be  manipulated,  so 
that  one  can  control  the  environment  of  the  nanocrystals.  Thus, 
they  can  be  bound  to  a  metal  of  semiconductor  surface,  dissolved 
homogeneously  in  a  fluid  or  polymer  film,  etc  Many  interesting 
quantum  confinement  effects  can  be  explored  in  these  systems. 

591  QUA  HBr/HN03/HiO  A  Solution  for  Submicrometer  lU-V 

Compounds  Etching;  Diffraction  Gratings,  Quantum 
Wire  and  Quantum  Box  Applications;  S.  Pellegrino,  ALCATEL- 
TELETTRA.  20059  Vimercate  (ml),  Italy.  L.  Boschis,  CSELT, 
10148  Torino.  Italy,  P.  Paste  (Present  address:  PICOGICA,  F- 
91940  Les  Ulis.  France),  UEP.  94451  Limeil-Brevannes  Cedex, 
F  ranee 

We  have  extensively  characterized  the  UBr/HNO,/H,0  etching 
solutions  from  the  point  of  view  of  their  reactivity  in  respect  to 
In(GaAs)P  materials.  We  obtained  insight  into  the  chemistry  of  the 
solutions  and  on  the  etching  mechanism.  A  minimum  controllable 
20  Aymin  etching  rate  was  measured  along  with  a  strong  unselec- 
tivity  with  respect  to  the  In(GaAs)P  materials  range  We  found  a 
large  capability  of  tailoring  the  grating  shape  in  case  of  diffraction 
gratings,  and  the  feasibility  of  quantum  wire  and  box  structures 
was  demonstrated. 

592  QUA  Admittance  of  Silicon  Quantum  Dots;  E.  H.  Nicol¬ 

lian,  University  of  North  Carolina,  Charlotte,  NC 

2822,3 

Admittance  measurements  on  a  200  A  thick  layer  of  silicon 
microacceptabilities  embedded  in  a  matrix  of  SiOj  are  described 
It  IS  shown  that  electrically  active  traps  at  the  gc-Si/SiOj  interface 
are  filled  with  electrons  at  gate  bias  values  before  quantum  con¬ 
finement  occurs.  Therefore,  even  with  large  electrically  active  trap 
densities,  coherence  is  not  destroyed  and  three-dimensional  quan¬ 
tum  confinement  is  observed. 

593  QUA  Two-Dimensional  Carrier  Confinement  in  GaAlAs 

Quantum  Wire  Arrays  Grown  by  Molecular  Beam 

Epitaxy;  P.  M.  Petroff,  Materials  Dept.,  University  of  California, 
Santa  Barbara.  CA  93106-5050 

Quantum  wire  superlattices  are  obtained  by  direct  growth  on 
a  GaAs  vicinal  (iOO)  surface  by  alternately  depositing  submono¬ 
layers  of  GaAs  and  AlAs.  By  varying  linearly  as  a  function  of  time 
the  total  amount  deposited  per  GaAs-AlAs  cycle,  a  superlattice 
consisting  of  quantum  wells  with  parabola-shaped  interfaces  is 
formed  At  the  apex  of  each  parabola,  a  quantum  wire  region  is  in¬ 


troduced.  This  type  of  superlattice  is  hereafter  called  a  "serpentine 
superlattice”  (SSL).  We  have  used  transmission  electron  mi¬ 
croscopy  (TEM)  measurements  to  characterize  the  SSL  perfection. 
TEM  contrast  studies  indicate  a  poor  segregation  of  the  group  III 
elements  at  the  step  edges  during  deposition.  This  in  turn  produces 
quantum  wires  with  ALGa^.^s  in  the  wires  and  nonabrupt  inter¬ 
faces  between  wire  and  barrier  regions.  Both  1 1 001  and  (110)  vici¬ 
nal  surfaces  have  been  investigated.  We  find  that  the  A1  segrega¬ 
tion  at  step  edges  is  superior  for  growth  on  the  (100)  vicinal  sur¬ 
faces.  Possible  reasons  for  this  result  are  given.  Polarization  de¬ 
pendent  photoluminescence  and  photoluminescence  excitation 
measurements  have  been  used  to  characterize  carrier  confinement. 
A  comparison  of  the  luminescence  data  with  calculated  optical 
properties  as  a  function  of  segregation  into  lateral  wells  and  barri¬ 
ers,  yields  Al,Ga I  rAs  wells  and  barriers  with  j:  =  0.1 1  and  0.22,  re¬ 
spectively,  instead  of  the  nominally  intended  values  of  0.00  and 
0.33.  The  optical  characteristics  of  a  GaAs-AlGaAs  laser  with  a 
quantum  wire  array  in  the  active  region  are  discussed. 

594  QUA  Quantum  Devices  or  Quantum  Chaos?:  M.  A.  Reed, 

Dept,  of  Electrical  Engineering,  Yale  University, 
New  Haven,  CT  06520 

Recent  advances  in  nanometer  scale  fabrication  techniques 
now  allow  the  realization  of  quantum-confined  and  charge-quan¬ 
tized  electron  systems  that  exhibit  transport  phenomena  dominat¬ 
ed  by  quantum  effects  and  single-electron  charging  effects.  These 
systems  are  fascinating  nanoscale  laboratories  to  probe  the  limit 
of  electron  conduction  and  quantum  effects  at  the  one-electron 
level,  and  promise  a  technolo^  for  future  integrated  circuits  with 
staggering  density.  A  brief  introductory  survey  of  the  physics  and 
technology  of  some  of  these  structures  is  presented.  At  present,  the 
implementation  of  useful  electron  devices  and  circuits  utilizing 
quantum-confined  or  charge-confined  effects  has  not  yet  oc¬ 
curred.  In  addition  to  well-recognized  problems  of  fabrication  and 
tolerance  that  exist  at  this  scale,  there  arc  issues  that  are  unique  to 
quantum  devices  and  circuits,  such  as;  isolation  in  phase-coherent 
structures;  how  to  obtain  gain  from  single-electron  devices;  inva¬ 
sive  and  statistically  uncontrollable  contacts;  and  architectural  is¬ 
sues.  This  paper  focuses  on  the  critical  issues  that  impede  the  in¬ 
sertion  of  quantum  devices  into  useful  electronic  circuits,  and  pos¬ 
sible  solutions  to  these  problems. 

595  QUA  Germanium  Silicon  Quantum  Well  Structures:  J.  C. 

Bean  and  R.  People,  AT&T  Bell  Laboratories,  Mur¬ 
ray  Hill,  NJ  07974 

Ge,Si|  ,/Si  quantum  wells  have  been  used  to  fabricate  modu¬ 
lation  dop^  transistors,  1.3  pm  avalanche  photodetectors,  reso¬ 
nant  tunneling  diodes,  and  8-14  pm  intrasubband  infrar^  de¬ 
vices.  Although  these  devices  resemble  III-V  semiconductor 
analogs,  strain  fundamentally  alters  their  characteristics.  A 
strain^  alloy  may  have  a  bandgap  one-third  lower  than  a  compa¬ 
rable  relaxed  structure.  Normally  degenerate  conduction  and  va¬ 
lence  band  energy  levels  will  be  strongly  split.  The  conduction 
bandedge  of  the  alloy  may  move  either  above  or  below  that  of  ad¬ 
jacent  silicon,  producing  structures  where  electrons  and  holes  ac¬ 
cumulate  in  the  same  layer  or  are  driven  into  adjacent  layers.  Fi¬ 
nally.  in  evert  “conventional"  device  structures,  the  maintenance 
of  defect-free  strained  layer  growth  may  require  individual  layer 
thickness  so  small  that  pronounced  quantum  confinement  effects 
occur.  The  design  of  Ge,Sii.,/Si  quantum  structures  it  thus  signif¬ 
icantly  more  complex.  In  certain  instances,  such  as  intrasubband 
absorption,  it  can  yield  a  particularly  broad  and  useful  infrared 
device  characteristic. 
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(PV  89-9)  C.  M.  Osburn  and  J.  M.  Andrews,  Editors.  A  1989  sympo¬ 
sium.  788  pages.  $54.00  Member,  $65.00  Nonmember. 

Performance  of  Electrodes  lor  Industrial  Electrochemical  Processes. 

(PV  89-10)  F.  Hine,  B.  V.  Tilak,  J.  M.  Fenton,  and  J.  D.  Lisius,  Editors.  A 

1989  symposium.  328  pages.  $25.00  Member,  $30.00  Nonmember. 

First  InlemaUonal  SympoMum  on  Solid  Oxide  Fuel  Cells.  (PV  89-11) 
S.  C.  Singhal.  Editor.  A  1989  symposium.  408  pages.  $46.00  Member, 
$48.00  Nonmember. 

First  International  Symposium  on  Diamond  and  Diamond-LIke  nims. 

(PV  89-12)  J.  P.  Dismukes,  A  J.  Purdes.  B  S.  Meyerson,  T.  D  Mousta- 
kas.  K.  E.  Spear,  K.  V.  Ravi,  and  M.  Yoder.  Editors.  A 1989  symposium. 
692  pages.  $48.00  Member,  $58.00  Nonmember. 

Advances  in  Corrosion  Protection  by  Organic  Coatings.  (PV  89-13)  D. 
Scantlebury  and  M.  Kendig.  Editors.  A  1989  symposium.  552  pages. 
$44.00  Member,  $53.00  Nonmember. 

Fuel  Cells.  (PV  89-14)  R.  E.  White  and  A.  J.  Appleby.  Editors.  A  1989 
symposium.  370  pages.  $35.00  Member,  $42.00  Nonmember. 

High  Voltage  and  Smart  Power  ICs.  (PV  89-15)  M.  A.  Shibib.  Editor.  A 
1989  symposium  530  pages.  $45.00  Member,  $54.00  Nonmember. 

Patterning  Science  and  Technology.  (PV  90-1)  R.  Gleason,  G.  J.  Hef- 
feron.  and  L  K.  White.  Editors.  A  1989  symposium.  260  pages.  $32.00 
Member,  $38.00  Nonmember. 

Electrochromlc  Materials.  (PV  90-2)  M.  K.  Carpenter  and  D.  A.  Cor¬ 
rigan.  Editors.  A  1989  symposium.  380  pages.  $35.00  Member,  $42.00 
Nonmember. 

Fifth  Symposium  on  Automated  Integrated  Circuits  Manufacturing. 

(PV  90-3)  V.  Akins.  Editor.  A  1989  symposium.  296  pages.  $30.00 
Member,  $36.00  Nonmember. 

Nickel  Hydroxide  Electrodes.  (PV  90-4)  D.  A.  Corrigan  and  A.  H.  Zim¬ 
merman,  Editors.  A  1989  symposium.  448  pages.  $30.00  Member, 
$36.00  Nonmember. 

Rechargeable  UtMum  Batteries.  (PV  90-5)  S.  Subbarao.  V.  R.  Koch.  B. 
Owens,  and  W.  H.  SmyrI,  Editors.  A  1%9  symposium.  336  pages. 

%7.00  Member,  $44.00  Nonmember. 

Magnetic  Materials,  Processes,  and  Devices.  (PV  906)  L.  T  Ro¬ 
mankiw  and  D  A.  Herman.  Jr..  Editors.  A 1989  symposium.  780  pages. 

$56.00  Member,  $67.00  Nonmember. 

First  IntematlonsI  Symposium  on  Cleaning  Technology  In  Samlcon- 
(hictor  Devlca  Manufacturing.  (PV  90-9)  J.  Ruzyllo  and  R.  E.  Novak. 
Editors.  A  1989  symposium.  412  pages.  $45.00  Mambar,  $54.00  Non- 
member. 

Analytical  Techniquas  for  Somlconductor  Materials  and  Procass 
Charactarfzallon.  (PV  90-11)  B.  0.  Kolbesen,  0.  V.  McCaughan,  and 
W.  Vandervorst.  Editors.  A  1%9  symposium.  372  pages.  $27.00  Mem¬ 
ber,  $32.00  Nonmembar. 

ten  Implanlatlon  and  DIalacttIcs  lor  Elemontal  and  Compound  Soml- 
eomwclors.  (PV  90-13)  S.  J.  Pearton.  K.  S.  Jones,  and  V.  J.  Kapoor. 
Editors.  A  1989  symposium.  480  pages,  $M.00  Mambar,  $38.00  Non- 
mambor. 
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MICROMACHINiNG  AND  MICROSTRUCTURES 

New  Technology  Subcommittee/Sensor/Electronics/Dielectric  Science  and  Technology 


Room  29,  2nd  Level 


TUESDAY.  MAY  IB.  1M2 

J.  N.  Z«nn«l.  Chairman:  P.  Barth.  Vica-Chairman 

2:00  Racant  Advancaa  in  MEMS  -  G.  Hazalrigg  SBB  MIC 

2:40  Vacuum  Microalactronica:  An  Application  of  5B7  MIC 
Micromachining  and  Nanoatructura  Fabrication  - 
H.  Gray 

3:20  Thraa  Dimantional  Silicon  Anisotropic  Etching  -  5S8  MIC 

Idantifieation  of  tha  Kay  Etching  Ptanas  -  P.  J. 

Haskath 

WEDNESDAY.  MAY  20.  1002 

P.  Barth.  Chairman;  P.  J.  Haskath.  Vica 
Chairman 

0:00  Packaging  and  Intareonnact  Tachnologias  for  500  MIC 
Solid  Stata  Microsansors  -  K.  Najafi 
0:40  Micromachining  of  Chamieal  Analysis  and  000  MIC 

Elactrophorasis  Systems  -  D.  J.  Harrison.  A. 

Manz.  K.  Sailar.  and  Z.-H.  Fan 

10:00  MuKistap  Anisotropic  Etching  Process  for  001  MIC 

Producing  a  Thraa  Dimensional  AccalarorrMtar  - 
A.  Koida.  K.  Sato.  S.  Suzuki,  and  S.  Naito 
10:20  Thraa  Dimensional  Fabrication  by  Precision  002  MIC 
Stacking  Silicon  Die  -  A.  D.  Fainarman.  D.  A. 

Crawa.  and  S.  E.  Shoaf 
10:40  Tan-minuta  intermission 

P.  J.  Haskath.  Chairman;  K.  Naiafi. 

Vice-Chairman 

10:50  Aligned  Au-Si  Eutactie  Bondin  Silicon  Die  -  003  MIC 

S.  E.  Shoaf  and  A.  0.  Fainsrm..,., 


11:10  Tharmoalactric  AC  Power  Sensor  on  Silicon  004  MIC 
Oxide  Beam  -  D.  Jaaggi.  H.  Baltas.  and  D. 

Moser 

11:30  Thermally  Excited  Silicon  Oxide  Resonators  in  005  MIC 
CMOS  Technology  -  O.  Brand.  0.  Mosar.  and  H. 

Baltas 

1 1 :50  Fabrication  of  Novel  Micromachinad  Magnetic  000  MIC 
Actuators  -  A.  M.  A.  Hamad.  W.  Zhang.  H.  T. 

Henderson,  and  F.  Radpour 

WEDNESDAY.  MAY  20.  1002 

K.  Najafi.  Chairman;  H.  Baltas.  Vice  Chairman 

2:00  Processing  of  Farroalactric  Materials  in  007  MIC 

Micromachinad  Silicon-Based  Structures  -  D. 

Polla 

2:40  Mierochannal  Pyroalacbic  Ansmomatar  -  D.  Yu.  SOS  MIC 
H.  Y.  Hsiah.  and  J.  N.  Zamal 

3:00  A  Fiber  Opbe  Monitorad  Vertical  Pressure  000  MIC 

Sensor  -  X.-Z.  Tu  and  J.  N.  Zamal 
3:20  Tan-minuta  intermission 

H.  Baltas.  Chairman;  D.  Polla.  Vica-Chairman 

3:30  Microtabrication  of  Silicon  X-Ray  Analyzer  -  H.  010  MIC 
Kasapbasioglu.  P.  J.  Haskath.  and  A.  T. 

Maerandar 

3:50  A  Thin  Platinum  Island  Film  Glucose  Sensor  -  B.  011  MIC 

Kasapbasioglu.  P.  J.  Haskath.  W.  Carey  Hanly. 
and  J.  Maclay 

4:10  Development  and  Characterization  of  an  012  MIC 

UHrathin  Silicon  Nibida  for  1C  Sensor 
Applications  Using  Rapid  Tharmal  Processing  - 
R.  A.  Williams.  L.  J.  Arias,  and  D.  W.  Hass 
4:30  Lata  News  Items 


Abstracts 


396  MIC  Recent  Advances  in  MEMS:  G.  A.  Hazetrigg 
National  Science  Foundation.  Washington,  DC  20550 
The  technologies  of  microelectronic  fabrication  have,  over  the 
past  several  years,  been  extended  to  include  the  fabrication  of  me¬ 
chanical  and  electromechanical  devices  and  mechanisms  on  a  ver>’ 
small  scale,  and  laying  the  foundations  of  a  new  field  currently  rc^ 
ferred  to  as  microelectromechanical  systems  (MEMS).  Recently 
demonstrated  devices  include  electrostatic  and  electromagnetic 
motors  smaller  in  diameter  than  a  human  hair,  gears,  pumps  and 
valves,  sensors  and  other  structures.  Most  recently,  three-dimen¬ 
sional  structures  have  been  fabricated  as  well,  including  folding 
silicon  wafers  and  helixes  and  needles  grown  vertical  to  the  wafer. 
Together,  these  technologies  comprise  a  basis  for  chemical  pro¬ 
cessing  factories-on-a-chip  This  paper  reviews  the  basic  tech¬ 
nologies  of  MEMS  and  then  discus.ses  recent  advances  in  the  field 
and  their  implications 

597  MIC  Vacuum  Microelectronics:  An  Application  of  Micro¬ 
machining  and  Nanostructure  Fabrication:  H  F. 

Gray.  Naval  Research  I^aboratoiy,  Washington,  DC  20375 

With  the  development  of  silicon  field  emitter  arrays  (FEAs)  by 
micromachining  techniquesfl)  and  the  reporting  of  the  first  vacu¬ 
um  transistor(2).  the  possibility  of  a  new  microelectronics,  which 
we  named  vacuum  microelectronics,  was  bom.  In  addition  to  hav¬ 
ing  the  fabrication,  batch  processing,  size,  weight,  integrated  cir¬ 
cuit.  and  unit  cost  advanta^  of  solid-state  devices,  vacuum  mi¬ 
croelectronics  based  on  FEAs  takes  advantage  of  vacuum  electron 
transport  Vacuum  electron  transport  brings  with  it  taster  carrier 
velocities  and  lower  transit  times  than  solid-state  devices  of  com¬ 
parable  size,  the  ability  to  deflect  the  carriers  to  multiple  collec¬ 
tors.  the  possibility  of  much  higher  voltage  and  higher  power  op¬ 
eration.  and  the  promise  of  immunity  to  adverse  environments, 
e  g.,  very  high  and  very  low  temperatures  as  well  as  high  radiation 
environments  which  destroy  or  seriously  impair  solid  state  device 
operation.  Benefits  are  even  promised  to  scientific  instrumenta¬ 
tion  because  FEAs  are  electron  sources  which  are  essentially 


mono-energetic,  have  very  high  brightness,  and  exhibit  high  spa¬ 
tial  resolution.  Each  cell  of  a  FEA  contains  one  3-D  microminia¬ 
ture  field  emitter  and  its  monolithic  extraction  electron.  The 
radius  of  the  curvature  of  the  field  emitter  is  usually  100  A  or 
smaller,  the  extracture  aperature  is  I  pm  or  smaller,  and  the  dis¬ 
tance  between  extraction  electrode  and  field  emitter  ground  plane 
is  about  1  pm  The  nanostructure  is  fabricated  by  micromachining 
techniques.  This  paper  addresses  a  variety  of  micromachining 
techniques  which  nave  been  used  throughout  the  world  to  fabri¬ 
cate  FEAs,  including  orientation-dependent-etching  of  silicon,  ox¬ 
idation  sharpening,  beam  deposition,  electron  beam  decomposi¬ 
tion.  E-beam  evaporation,  plasma  sputtering,  reactive  ion  etching, 
and  isotropic  wet  etching.  We  feel  that  the  details  of  the  physics 
and  chemistry  of  these  micromachining  processes  are  not  well  un¬ 
derstood  at  the  present  time,  and  that  the  science  of  micromachin¬ 
ing  of  3-D  nanostructures  is  still  in  its  infancy. 

I  M  F  Gray.  “Silicon  Field  Emitter  Array  Technology,"  Pro¬ 
ceedings  of  the  29th  International  Field  Emission  Symposium, 
Goteborg.  Sweden,  p.  1 1 1  ( 1 982). 

2.  H.  F.  Gray,  et  al,  “A  Vacuum  Field  Effect  Transistor  Using 
Silicon  Field  Emitter  Arrays,"  1986  lEDM  Technical  Digest,  p.  776 
(1986). 


598  MIC  Thiee-DimciisionBl  Silicon  Anisotropic  Etching — 
Identification  of  the  Key  Etching  Planes:  P.  J.  Hes- 
keth.  University  of  Illinois  at  Chicago,  Chicago.  IL  60607. 

A  single  crystal  silicon  sphere  has  been  etched  in  aqueous  solu¬ 
tions  of  potassium  hydroxide  and  cesium  hy^hxixide.  Alter  etching, 
a  polyhedron-like  solid  with  curved  faces  is  produced  with  dis¬ 
tinct  vertices  in  the  directions  of  the  slower  etching  planes.  The 
solid  is  twelve  sided  with  aqueous  cesium  hydroxide  and  twenty 
four-sided  with  aqueous  potassium  hydroxide.  The  following  crys¬ 
tal  planes  defined  features  in  the  structure,  listed  in  order  of  as¬ 
cending  etch  rate,  (i)  for  CsOH,  (II1|.  (1001.  (311).  (110).  and.  (ii) 
for  KOH,  (111),  (100),  (3111.  (.320). 
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599  MIC  Packaging  and  Interconnect  Technoloaes  for  Solid- 

State  Microsensors:  K.  Najafi;  Center  Tor  Integrated 
Sensors  and  Circuits,  University  of  Michigan,  Ann  Arbor,  MI 
48109-2122 

This  paper  presents  a  review  of  various  packaging  techniques 
available  for  microsensors  and  the  challenges  that  lie  ahead.  Her¬ 
metic  packages  based  on  micromachined  silicon  and  glass  capsules 
have  been  developed  and  offer  a  promising  technique  for  chip-lev¬ 
el  and  wafer-level  batch  packaging  of  microsensors.  Nonhermetic 
packaging  techniques  based  on  deposited  organic  and  inorganic 
films  have  been  developed  and  demonstrate  great  promise  for  both 
microsensors  and  many  high-speed  electronic  systems.  Thin  films 
of  vapor  deposited  silicon  nitride,  silicon  carbide  and  diamond¬ 
like  carbon,  and  of  polymers  such  as  parylene  are  being  applied  in 
many  microsensors  and  microsystems  and  have  replaced  conven¬ 
tional  integrated  circuit  packages  in  many  areas.  For  many  physi¬ 
cal  sensors,  the  package  should  satisfy  the  added  requirements  of 
isolating  the  device  from  external  physical  and  mecnanical  dam¬ 
age  and  interference,  while  being  stable  in  the  face  of  repeated  ex¬ 
posure  to  such  environments.  Flexible  multilead  interconnect  sys¬ 
tems  for  implantable  microsensors  have  also  been  developed  based 
on  silicon  micromachining  techniques.  Silicon-based  ribbon  ca¬ 
bles  that  are  less  than  5  pm  thick  and  100  pm  wide  and  support  a 
number  of  hermetically  sealed  conductors  have  been  developed 
and  offer  the  only  solution  to  the  difficult  problem  of  interfacing 
with  miniature  implantable  sensors  and  systems  that  cannot  uti¬ 
lize  a  conventional  package. 

600  MIC  Micromachining  of  Chemical  Analysis  and  Elec¬ 

trophoresis  Systems:  D.  J.  Harrison,  Dept,  of  Chem- 
istr\-.  University  of  Alberta,  Edmonton,  AS,  Canada  T6G  2G2,  A. 
Mam:  Central  Analytical  Research,  Cita  Geigy,  CH-4002  Basel, 
Switzerland,  K.  Seiler,  and  Z.  Fan,  Dept.  '  Chemistry,  University 
of  .Alberta,  Edmonton,  AB.  Canada  T6G  2  12 

In  this  paper,  we  demonstrate  the  feas.bility  of  miniaturiziM  a 
total  chemical  analysis  system  (pTAS)  onto  a  planar  substrate.  The 
system  utilizes  electrokinetic  phenomena  for  both  sample  compo¬ 
nent  separation  (electrophoresis)  and  solvent  pumping  (electro¬ 
osmosis  flow).  Using  micromachining,  a  complex  manifold  of  cap¬ 
illary  channels  has  been  fabricate  in  both  glass  and  silicon 
substrates.  Electro-osmotic  pumping  of  the  electrolyte  solution 
within  these  capillaries  has  been  achieved.  However,  the  break¬ 
down  voltage  of  the  silicon  devices  must  be  improved,  and  ap¬ 
proaches  to  achieve  this  are  discussed.  In  glass  substrates,  at  a 
field  of  300  VVem.  linear  flow  velocities  of  about  0,15  cm/s  where 
achieved  with  15  cm  long  channels  (10  pm  x  30  pm  cross  section). 
This  simple  structure  allowed  injection  of  samples  from  a  side 
channel  into  the  separation  channel.  The  results  show  that  applied 
potentials  can  be  used  to  control  the  magnitude  and  direction  of 
solvent  flow  within  a  manifold  of  channels  This  eliminates  the 
n<H'd  for  valves  within  the  pTAS.  On  this  basis,  complex  sample 
pretreatment  can  be  effected  within  the  channel  manifold,  as  well 
as  solvent  pumping  based  on  electroosmotic  effects.  We  have  also 
shown  that  separation  of  sample  components  within  the  glass  cap¬ 
illary  channels  by  electrophoresis  is  possible.  The  efficiency  is  ex¬ 
actly  that  predicted  by  theory,  indicating  glass  is  a  suitable  device 
substrate  for  capillary  electrophoresis 

601  MIC  Multistep  Anisotropic  Etching  Process  for  Produc¬ 

ing  a  3-D  Silicon  Accelerometer  A.  Koide  and  K. 
Sato.  Central  Research  Laboratory.  Hitachi  Ltd,  Kokubunji, 
Tokyo  185,  .Japan.  S.  Suzuki,  Hitachi  Research  Laboratory-.  4026 
Kiiii-cho,  Hitachi-shi,  Ibaraki-ken  319-12,  Japan.  S.  Naito,  Hi¬ 
tachi  Ltd  .  Automotive  Products  Div  ,  2520  Oaza-takaba.  Katsuta- 
Shi.  Ibaraki-ken  312.  Japan 

A  new  anrsotropic  etching  process  for  producing  three-dimen¬ 
sional  structures  that  can  fx‘  applied  to  micromecnanical  silicon 
accelerometers  is  developed.  Severe  anisotropic  etching  steps  are 
carried  out  sequentially.  The  main  advantages  of  this  process  are: 
10  a  very  thin  cantilever  can  be  precisely  formed  in  the  middle  of 
the  wafer:  and  (ii)  a  round  etch  profile  can  be  made  which  reduces 
strt-ss  concentration  is  possible  for  the  first  time 

602  MIC  Three-Dimensional  Fabrication  by  Precision  Stack¬ 

ing  Silicon  Die:  A.  D.  Feinerman,  D.  A.  Crewe,  and 
•S'  £  Shoaf:  Microfab  Appl.  Lab.,  Dept,  of  Electrical  Engineering 
and  Computer  Science.  University  of  Illinois  at  Chicago,  Chicago. 
IL  60680 

A  technique  for  creating  three-dimensional  structures  with  an 
accuracy  approaching  I  pm  has  been  developed  The  immediate 
oal  of  this  research  is  the  microfabrication  of  a  1  cm’  fow  voltage 
igh  resolution  SEM  The  technique  combines  semiconductor  pro¬ 
cessing  and  fiber  optic  technology.  A  (100)  silicon  wafer  is 
anisotropically  etch^  to  create  precision  v-grooves  and  then 
diced  into  individual  die.  Two  methods  have  been  developed  for 
large  and  small  gaps  between  the  die.  For  large  gaps,  optical  fibers 
are  placed  into  the  grooves  then  anodically  tond^  at  buO-C.  This 
technique  presently  has  been  used  to  stack  up  to  5  silicon  die  cre¬ 
ating  an  electron  optical  column  -2.5  pm  thick.  The  alignment  ac¬ 
curacy  between  die  is  -2  pm  and  the  alignment  of  the  top  and  bot¬ 
tom  surfaces  of  each  die  is  -5  pm.  The  strength  of  the  bond  be¬ 
tween  the  die  and  the  fibers  exceeds  1 .2  lb.  For  small  gaps,  the  in¬ 
side  of  a  capillary  tube  is  metallized  and  then  the  capillaries  are 
placed  into  the  grooves  and  anodically  bonded  to  the  die 


603  MIC  Aligned  Au-Si  Eutectic  Bonding  of  Silicon  Die:  S.  £. 

Shoaf,  and  A.  D.  Feinerman,  Microfab.  Appl.  Lab., 
Dept,  of  Electrical  Engineering  and  Computer  Science,  University 
of  Illinois  at  Chicago,  Chicago,  IL  60680 

A  technique  for  precis^  aligning  structures  prior  to  an  Au-Si 
bond  has  been  developed.  Inis  technique  has  applications  to  elec¬ 
tron  column  fabrication  and  three-dimensional  wafer  intercon¬ 
nects.  A  (100)  silicon  wafer  is  anisotropically  etched  to  create 
v-grooves  around  the  periphery  of  the  structure  to  be  bonded. 
Gold  is  then  deposited  onto  one  of  the  wafers  prior  to  dicing  into 
individual  die.  Optical  fibers  serve  as  precision  locating  keys  and 
align  the  die  as  they  are  assembled.  The  entire  structure  is  then 
placed  on  a  hot  chuck  at  400°C.  An  ultrasonic  transducer  aides  the 
Au-Si  bond.  The  fibers  can  be  pulled  out  after  bonding  since  the  v- 
grooves  are  oversize.  The  width  of  the  v-grooves  is  the  1.22*fiber 
diameter  plus  the  desired  tolerance.  Early  results  have  shown  a 
maximum  misalignment  of  15  pm.  This  work  will  be  extended  to  a 
higher  accuracy  and  include  silicon  fusion  and  organic  bonding. 

604  MIC  Thermoelectric  AC  Power  Sensor  on  Silicon  Oxide 

Beam:  D.  Jaeggi,  H.  Baltes,  and  D.  Moser,  Physical 
Electronics  Laboratory,  Swiss  Federal  Institute  of  Technology, 
CH-8093  Zurich,  Switzerland 

We  report  the  first  thermoelectric  ac  power  sensor  (thermocon¬ 
verter)  realized  by  industrial  CMOS  IC  technology  in  combination 
with  postprocessing  micromachining.  The  sensor  is  based  on  a 
polysilicon  heating  resistor  (47  O)  and  a  polysilicon/aluminum 
thermopile  integrated  on  an  oxide  microbridge.  The  thermopile 
sensitivity  is  9.9  mV/mW.  The  sensor's  time  constant  is  1.85  ms. 
the  signal-to-noise  ratio  8  ■  lO’/W,  and  the  dynamic  range  5  •  10*. 
The  temperature  coefficient  is  less  than  1%  below  1  mW  heating 
power.  'The  linearity  error  with  respect  to  frequency  is  less  than 
0.1%  below  400  MHz  and  less  than  1%  up  to  1.2  GHz, 

605  MIC  Thermally  Excited  Silicon  Oxide  Resonators  in 

CMOS  Technology;  O.  Brand,  D.  Moser,  and  H. 
Baltes,  Physical  Electronics  Laboratory,  Swiss  Federal  Institute  of 
Technology  CH-8093  Zurich,  Switzerland 

We  report  thermally  excited  silicon  oxide  beam  and  bridge  res¬ 
onators  realized  by  two  different  industrial  CMOS  processes  and 
subsequent  micromachining.  We  characterized  the  different  res¬ 
onators  bv  measuring  resonanr,  fiequencies,  vibration  ampli¬ 
tudes,  and;  mode  shape,  using  a  l.aser  heterodyne  interferometer. 
We  investigated  the  acoustic  transmitting  and  receiving  efficien¬ 
cies  of  the  devices  in  air  in  order  to  test  the  possible  application  as 
ultrasound  transducers  for  proximity  sensors.  The  vibrations  can 
be  detected  using  the  piezoresistive  effect  of  polysilicon. 

606  MIC  Fabrication  of  Novel  Micromachined  Magnetic  Ac¬ 

tuators;  A.  M.  A.  Hamad,  W.  Zhang,  H.  T.  Hender¬ 
son,  and  F  Radpour,  Dept,  of  Electrical  and  Computer  Engineer¬ 
ing,  University  of  Cincinnati;  Cincinnati,  OH  45221 

Trends  in  smart  sensors  and  smart  skins  must  move  in  the  di¬ 
rection  of  micromachining  and  miniaturization  of  semiconductor 
devices.  Tactile  sensors  are  particularly  important  for  robotics  and 
related  sensing  as  well  as  microactuation  of  valves  and  other  elec¬ 
trochemical  components  In  this  paper,  the  design,  fabrication  and 
the  characterization  of  a  unique  micromachined  solenoid  coil  are 
presented.  This  device  is  capable  of  converting  a  current  signal 
into  the  mechanical  motion  of  a  plunger.  The  solenoids  were  fAri- 
cated  by  anisotropic  etching  of  <100>  oriented  silicon  in  a  hy¬ 
drazine  solution.  Multilevel  metalization  was  used  to  form  the 
miniature  planar  coils  with  a  75-250  pm  machined  openings 
through  the  substrate,  forming  a  guide  for  the  magnetic  plunger 
material.  Devices  were  tested  using  an  optical  technique  and  the 
magnetic  force  was  obtained  using  a  simple  model.  The  force  was 
also  measured  using  a  canterlever  beam  technique  and  the  mag¬ 
netic  force  in  the  range  of  0.02-2.3  pN  was  obtained.  Calculations 
also  predict  that  this  force  can  be  increased  by  several  orders  of 
magnitude  using  a  higher  permeability  plunger  and  by  stacking 
multiple  coil  layers. 

607  MIC  Processing  of  Ferroelectric  Materials  in  Micro¬ 

machined  Silicon-Based  Structures;  D.  L.  Polla, 
Dept,  of  Electrical  Engineering,  University  of  Minnesota,  Minnea¬ 
polis,  MN  55455 

Ferroelectric  thin  films  have  been  deposited  on  polycrystalline 
silicon,  silicon  nitride,  and  tungsten  structures  to  form  both  piezo¬ 
electric  and  pyroelectric  microelectromechanical  devices.  This 
work  focuses  on  the  silicon-based  processing  technology  issues 
important  to  ferroelectric  micromechanical  structures.  Surface 
micromachining  techniques  and  sol-gel  deposited  Pb(Zr,Ti|.JO., 
and  PbTiO.,  thin  films  have  been  used  to  form  pressure  sensors,  in¬ 
frared  detectors,  and  micropositioners.  The  measured  piezoelectric 
coefficient  d^  (PZT)  in  these  structures  is  180-210  pC^.  The  mea¬ 
sured  pyroelectric  coefficient  is  85-115  nC/cm’”K. 

608  MIC  MicroChannel  Pyroelectric  Anemometer;  V.  Dun, 

Lab.  of  Semiconductor  Devices,  Dept,  of  Automatic 
Control,  Harbin  Institute  of  Technology,  Harbin  150006,  China, 
H.  y.  Hsieh,  and  J.  N.  Zemel,  Dept,  of  Electrical  En^neering  and 
Center  for  Sensor  Technologies,  University  of  Pennsylvania, 
Philadelphia,  PA  19104 

A  pyroelectric  (LiTaO„)  anemometer  chip  was  mounted  into 
the  wall  of  a  small  micromachined  channel  in  silicon  capped  by  an 
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anodically  bonded  Pyrex®  plate.  The  silicon  structure  was  fabri¬ 
cated  using  standard  micromachining  technology  based  on  a  KOH 
crystallographieally  selective  etch.  The  channel  was  72  pm  deep 
and  3  mm  wide.  The  dimensions  of  the  overall  chip  were  approxi¬ 
mately  10  mm  X  15  nun.  The  flow  response  of  the  sensor  was  com¬ 
pared  to  an  MKS-100  thermal  flow  monitor.  The  experimental  re¬ 
sults  demonstrate  that  the  PA  chip  has  essentially  the  same  flow 
response  as  a  function  of  Reynolds  number  in  this  channel  as  in 
larger  channels.  Also,  this  structure  appears  to  be  capable  of  mon¬ 
itoring  flows  as  small  as  0.01  seem.  A  discussion  of  the  conjugate 
problem  of  simultaneous  fluid  and  heat  flow  from  the  PA  element 
and  some  of  the  problems  associated  with  the  analysis  are  present¬ 
ed. 


609  MIC  A  Fiber  Optic  Monitored  Vertical  Pressure  Sensor: 

X.-Z.  Tu  and  J.  N.  Zemel,  Dept,  of  Electrical  Engi¬ 
neering  and  Center  for  Sensor  Technologies,  University  of  Penn¬ 
sylvania,  Philadelphia,  PA  19104 

An  optical  fiber  pressure  sensor  consisting  of  a  vertical  de¬ 
flectable  membrane,  a  sealed  cavity,  and  a  channel  with  a  single 
mode  optical  fiber  for  monitoring  the  wall  deflection  has  been  de¬ 
veloped.  The  membrane,  cavity,  and  channel  all  were  formed 
within  a  (110)  silicon  wafer  by  using  a  standard  KOH  crystallo¬ 
graphic  micromachining  etch.  Membranes  as  thin  as  4  pm  have 
been  fabricated.  The  cavity  was  anodically  sealed  by  bonding  a 
piece  of  Pyrex®  glass  to  the  etched  surface  of  the  wafer.  The  align¬ 
ment  between  the  fiber  and  the  center  of  the  membrane  was  real¬ 
ized  by  careful  adjustments  of  the  microfabrication  process.  The 
interference  patterns  obtained  were  clear  and  stable  “Newton's 
rings  '  A  plot  of  the  intensity  of  an  interference  pattern  vs.  the 
pressure  applied  to  the  sertsor  is  presented  showing  that  a  pressure 
resolution  of  0.01  atm  is  obtained.  It  is  expected  that  a  minimum 
detectable  pressure  can  be  lower  than  0.001  atm  after  improving 
the  used  measurement  system.  The  temperature  sensitivity  of  the 
device  remains  a  problem.  Methods  for  eliminating  this  are  dis¬ 
cussed 


610  MIC  Microfabricalion  of  Silicon  X-Ray  Analyzer  H. 

Kasapbasioglu;  and  P.  J.  Hesketh,  Dept,  of  Electrical 
and  Computer  Engineering.  University  of  Illinois  at  Chicago, 
Chicago,  IL  60680.  A  T.  Macrander,  Advanced  Photon  Source;  Ar- 
gonne  Nation.nl  Laboratory,  Argonne.  IL  60439-4814 

We  resolved  a  method  tor  the  fabrication  of  silicon  x-ray  ana¬ 
lyzer  crystals,  A  high  energy  resolution  of  x-ray  beam  scattering 
can  be  obtained  by  Bragg  scattering  from  perfect  single  crystals 
and  focusing  action  can  be  obtained  by  bending  the  perfect  crys¬ 
tals.  Parallel  and  perpendicular,  1  mm  spaced  grooves  were  cut  on 
(111)  silicon  wafers  using  a  dicing  saw  (Microautomation  Model 
1006)  The  grooves  were  cut  at  15’  and  105^  to  the  <110>  primaiy 
flat  to  avoid  crystallographic  cleavage  directions,  since  mechani¬ 
cal  strength  was  desired  The  depth  oT  the  grooves  was  almost  80% 
of  the  wafer  thickness.  The  cutting  parameters,  progressive  cut¬ 
ting  thickness  and  feed  rate,  were  optimized  to  reduce  damage. 
The  damage  was  observed  by  sectioning  the  samples  along  the 
cleavage  direction  and  etching  in  Yang's  etch.  Optical  and  scan¬ 
ning  electron  microscopy  revealed  that  the  least  damage  occurred 
when  two  passes  were  used:  one  a  light  75  pm  deep  and  the  next  to 
the  rec|uired  depth  More  than  two  passes  degraded  the  cuts.  Slow 
feed  rates  of  1-5  mm/s  and  fast  feed  rates  of  40-60  mm/s  produced 
increased  damage  while  no  edge  cracks  and  optimal  smoothness 
were  found  for  12-20  mm/s.  The  spindle  speed  was  constant  at 
30  K  rpm  to  minimize  resonant  vibration.  'The  effect  of  different 


etchants  for  removing  the  saw  damage  was  also  investigated  and 
the  results  are  reported. 

611  MIC  A  Thin  Platinum  Island  Film  Glucose  Sensor;  B. 

Kasapbasioglu  and  P.  J.  Hesketh,  Dept,  of  Electrical 
and  Computer  Engineering,  University  of  Illinois  at  Chicago. 
Chicago,  IL  60680,  W.  C.  Hanly,  Dept,  of  Microbiology  and  Im- 
munoloCT,  University  of  Illinois  at  Chicago,  Chicago,  IL  60680,  J. 
Mclay,  Dept,  of  Electrical  and  Computer  Engineering,  University 
of  Illinois  at  Chicago,  Chicago,  IL  60680 

A  2.5  nm  thin  film  glucose  sensor  has  been  developed.  The  is¬ 
land  design  of  the  film  allowed  the  immobilization  of  glucose  oxi¬ 
dase  on  the  SiO-  surface  in  a  thin  layer  adjacent  to  the  islands.  The 
Pt  film  was  deposited  by  electron  beam  evaporation  at  1.33  x  10  ' 
Pa  onto  a  100  nm  thermal  oxide  on  a  50  mm  diameter  Si  wafer  at 
room  temperature.  Adsorptive  immobilization  from  a  3.1%  glu¬ 
cose  oxidase  at  a  pH  9,3  (O.IM  NaHCOj  buffer)  was  used.  The  ad¬ 
sorption  was  allowed  to  proceed  for  about  48  h  at  4'’C.  The  sensor 
was  then  washed  with  a  dilute  non-ionic  detergent  (0.05%  Tween 
20  in  0.05M  sodium  acetate  buffer,  pH  5.3).  For  measurement  of 
the  impedance,  the  washed  electrode  was  immersed  in  tetramethy- 
benzidine  (TMB)  buffer  solution,  0.04M  sodium  acetate  buffer,  pH 
5.3  containing  horseradish  peroxidase  (2  purpurogallin  U/ml)  and 
glucose  (concentration  range  =  0  mM  to  560  mAf).  The  impedance 
and  phase  of  the  enzyme  coated  film  was  measur^  from  100  Hz  to 
1  MHz.  The  results  of  the  measurements  indicated  that  the  system 
could  be  modeled  whth  a  suitable  RC  equivalent  circuit.  Glucose 
produced  a  50%  change  in  the  series  capacitance  at  100  Hz  be¬ 
cause  of  the  binding  reaction.  The  sensitivity  would  be  best  at  low 
frequencies  The  resistance  was  almost  independent  of  eliicose 
concentration.  Reaction  rate  constants  were  obtained  and  are  dis¬ 
cussed.  The  impedance  returned  to  its  original  value  after  washing 
in  a  suitable  buffer,  and  storage  at  4'C  did  not  affect  the  initial 
performance. 

612  MIC  Development  and  Characterization  of  an  Ultrathin 

Silicon  Nitride  for  1C  Sensor  Applications  Using 
Rapid  Thermal  Processing:  R.  A.  Williams,  Dept,  of  Chemical  En¬ 
gineering,  University  of  California;  Berkeley,  CA  94720,  L.  J. 
Arias,  Jr.,  Peak  System  Inc.,  Fremont,  CA  94538.  D.  W.  Hess,  Dept 
of  Chemical  Engineering,  Lehigh  University,  Bethlehem.  PA  18015 

Rapid  thermal  nitridation  of  silicon  has  been  investigated  as 
an  alternative  to  CVD  silicon  nitride  for  1C  sensor  applications. 
Ultrathin  silicon  nitride  films  have  been  thermally  grown  in  am¬ 
monia  and  nitrogen  ambients  using  rapid  thermal  processing.  The 
effects  of  several  process  variables  on  the  growth  of  thermal  ni¬ 
tride  and  its  material  properties  have  been  evaluated  electrically 
(I-V  behavior)  and  physically  (etch  resistance  to  HF).  Some  pro¬ 
cess  conditions  (longer  times  and  higher  temperatures)  consistent¬ 
ly  improved  nitride  properties.  The  effect  of  other  process  vari¬ 
ables  were  mixed,  i.e.,  physical  etch  resistance  improved  at  the 
expense  of  electrical  properties  (annealing,  two-step  nitridation, 
in  situ  gaseous  cleaning)  or  vice  versa  (extended  purges,  low-pres¬ 
sure  nitridation)  By  varying  these  process  parameters,  films  with 
etch  rates  as  low  as  0  264  nm/min  in  5:1  buffered  HF  (BHF)  were 
achieved.  Other  films  required  a  field  of  816  KV/mm  to  pass  1  pA 
through  a  10*  structure.  However,  the  film  with  the  best  over¬ 
all  physical  and  electrical  properties  had  a  etch  rate  of  0  366 
nm/min  in  5:1  BHF.  and  required  a  field  of  509  KV/mm  to  pass  1 
pA  through  a  10*  pm-  structure  and  maintained  a  current  density 
of  1.2  pA/mm-  at  =1  V  Durable  pH  and  glucose  sensors  have  been 
fabricated  using  these  silicon  nitride  films.  They  have  demonstrat¬ 
ed  greater  sensitivity  than  oxides  or  oxide/CVI)  nitride  gate  struc¬ 
tures. 
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1986  symposium.  308  pages.  $23.00. 

ElectroGhemIcal  Sensors  tor  Blomedicsl  Applications.  (PV  8514) 
C  K.  N.  Li.  Editor  A  1986  symposium.  208  pages.  $25.00. 

Lithium  Batteries.  (PV  87-1)  A.  N  Oey.  Editor.  A  1986  symposium.  568 
(jages.  $41.00. 

Corrosion  Protection  by  Organic  Coatings.  (PV  87-2)  M.  W.  Kendig  and 
H  Leidheiser.  Jr .  Editors.  A  1986  symposium.  384  pages.  $23.00. 

Electrochemistry  and  Solid  State  Science  Educafion  at  the  Graduate 
and  Undergraduate  Level.  (PV  87-3)  W.  H.  SmyrI  and  F  McLarnon, 
Editors.  A  1986  symposium  386  pages.  $26.00. 

MutUlevel  MetalHzallon,  Interconnection,  and  Contact  Tachnologlos. 

(PV  87-4)  L.  B.  Rothman  and  T.  Herndon,  Editors.  A  1986  symposium. 
272  pages.  $25.00. 

Sodium-Sulfur  Batteries.  (PV  87-5)  A.  R.  Landgrebe.  R.  D.  Weaver,  and 
R.  K  Sen.  Editors.  A  19M  symposium.  290  pages.  $23.00. 

Plasma  Processing.  (PV  87-6)  G.  S.  Mathad.  G.  C.  Schwartz,  and  R.  A. 
Gottscho,  Editors.  A  1986  symposium.  754  pages.  $43.00. 

Silicon  NHrlde  and  Silicon  Dioxide  TMn  Insulating  FHms.  (PV  87-10) 
V.  J  Kapoor  and  K.  T  Hankins.  Editors.  A  19M  symposium.  560 
pages.  $45.00. 

ElectrodeposWon  Technology,  Theory  and  Practice.  (PV  87-17)  L.  T. 
Romankiw  and  D.  R.  Turner.  Editors.  A  1986  symposium.  764  pages. 

$35.00. 

Process  Physics  and  ModeNng  hi  Semiconducter  Technology.  (PV 

88-16)  G.  R.  Srinivasan,  J.  Plummer,  and  D.  Antoniadis,  Editors.  A 
1986  symposium.  312  pages.  $28.00  Member,  $34.00  Nonmamber. 
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FULLERENES:  CHEMISTRY,  PHYSICS  AND  NEW  DIRECTIONS 

Physical  Electrochemistry/Dielectric  Science  and  Technology/Electronics 


St.  Louis  Ballroom  C,  4th  Level 


MONDAY,  MAY  18,  1962 

Chairmen,  Rodnay  S.  Ruoff;  Vice  Chairman, 

Patar  Ekiund 

10:00  Introductory  Ramarka  -  Rodnay  S.  Ruoff  and 
Karl  M.  Kadish 

10:10  Structura  and  Dynamical  Propartiaa  of  Larga  013  FUL 
Fullaianat  and  Othar  Noval  Forms  of  Carbon  by 
First  Principlas  Molecular  Dynamics  -  G.  B. 

Adams,  J.  B.  Page.  O.  F.  Sankay,  K.  Sinha.  J. 

Manandaz,  and  M.  O'Kaaffa 

10:40  Synthesis  and  Characterization  of  Endohadrai  614  FUL 
Matallofullaranes  -  J.  M.  Alford  and  R.  E. 

Smalley 

11:10  Structural  Studies  of  Organomatallic  Derivatives  615  FUL 
of  Fulleranas  -  A.  L.  Batch,  V.  J.  Catalano,  J.  W. 

Lae.  and  Maryland  M.  Olmstaad 

11:40  Adsorption  of  1 ,1 .2-Triehloro-1 ,2.2-  616  FUL 

trifiuoroathana  on  Fulleranas  -  W.  L.  Ball,  David 
T.  Wickham,  and  Amy  L.  Schultz 


MONDAY.  MAY  18.  1992 

Chairman.  Karl  M.  Kadish;  Vica  Chairman. 
Ripudaman  Malhotra 


9:00  Endohadrai  Complexes  of  the  C^  Cluster:  Ab 
Initio  Electronic  Structura  Calculations  -  Jerzy 
Cioslowski 

9:30  On  the  Generation.  Separation,  Physics,  and 
Chemistry  of  Largs  Carbon  Clusters  -  R.  N. 
Compton,  R.  L.  Hattich,  R.  H.  Ritchie,  P.  Britt,  A. 
A.  Puratzky,  W.  F.  Fray,  A.  A.  Tuinman,  J.  L. 
Adcock,  P.  Mukharjsa,  M.  Diack,  and  G. 
Guichon 

10:00  Synthesis  and  Characterization  Of  C„0:  The 
First  Fullarana  Epoxide  -  Donald  M.  Cox 
10:30  Ten-minute  Intermission 

10:40  In-Situ  Magnetic  Circular  Dichroism  and  Fourier 
Transform  Infrared  Spectroscopy  of  C„  Species 
-  Daniel  Scherson,  Ming  Zhao.  Sunghyun  Kim. 
In  Taa  Baa,  Charles  Rosenblatt.  Dominique 
Dubois,  and  Karl  Kadish 

11:10  Fullarana  Molecular  Weight  Distributions 
Determined  by  Laser  Desorption/Fourier 
Transform  Mass  Spectrometry  -  W.  R.  Creasy 
and  Jeffrey  A.  Zimmerman 

1 1 :40  Structure  and  Electronic  Properties  of  C„-Bassd 
Tubules  -  M.  S.  Dresselhaus.  R.  Saito,  M.  Fujita. 
and  G.  Dresselhaus 


1:10  Quantum  Molecular  Dynamics  Calculations  for  617  FUL 
Fulleranas  and  Buckytubes  -  J.  Bernholc. 

Jae-Yel  Yi,  Q  M.  Zhang,  C.  J.  Brabec.  E.  B. 

Anderson.  S  A.  Kajihara.  and  B.  N.  Davidson 
1:40  Calculation  of  Linear  and  Nonlinear  Microscopic  618  FUL 
Polarizabilit  es  of  C^  and  its  Doped  Species  -  A. 

Rosen  and  E.  Wastin 

2:10  High-Resolu  ion  Transmission  Electron  619  FUL 

Microscopy  of  Fulleranas  -  Peter  R.  Buseck  and 
Su  Wang 

2:40  On  the  Use  of  C^  or  C,,  Clusters  to  Nucleate  620  FUL 
Diamond  Crystals  -  R.  P.  H.  Chang 
3:10  Formation  of  Fullerenes  from  Molecular  621  FUL 

Dynamics  Simulations  -  J  R.  Chalikowsky  and 
Xiaodun  Jing 

3:40  Tvrenty-minute  intermission 

4:00  Molecular  Dynamics  Study  of  C„.  C^O.  and  622  FUL 
Alkali-Doped  C„  -  A.  Cheng  and  Michael  L. 

Klein 

4:30  SynthesisofFullerols  by  Electrophilic  Reactions  623  FUL 
on  Fullarana  Molecules  -  L.  Y.  Chiang 
5:00  Preparation  and  Characterization  of  C^  and  C,,  624  FUL 

Crystals  and  Solutions  -  C.  W.  Chu.  J.  G.  Lin.  Y. 

K.  Tao.  Y.  Y.  Sun,  R.  L.  Meng,  and  P.  H.  Hor 
5:30  Application  of  Real-Time  SERS  and  STM  in  625  FUL 
Studies  of  C^  and  C„  -  Y.  Zhang.  X.  Gao.  G. 

Edens,  and  M.  J.  Weaver 

6:00  Bond  Breaking  and  Bond  Making  with  626  FUL 
Fullerenes  -  R.  Malhotra.  Doris  S.  Tse,  Rodney 
S.  Ruoff,  Donald  F.  McMillen.  and  Donald  C. 

Lorents 


TUESDAY,  MAY  16.  1992 

Chairman.  Jerzy  Bernhole;  Vice  Chairman.  Brett 
Dunlap 


TUESDAY,  MAY  19,  1992 

Chairman,  Donald  M.  Cox;  Vice  Chairman,  David 
Tomanek 

1:10  Symmetry  for  Lattice  Modes  in  C„.  C,g  and 
Alkali  Metal  Doped  C^  -  G.  Dresselhaus.  M.  S. 
Dresselhaus,  and  P.  C.  Ekiund 
1:40  Fullerenes  and  Fullersne  Derivatives  -  B.  I. 
Dunlap 

2:10  Ellipsometry  and  Optical  Absorption  Studies  in 
M,C„  Thin  Films  (x  =  0.  3.  6;  M  =  K,  Rb,  Cs)  - 
Peter  C.  Ekiund 

2:40  Voltammetric  Studies  of  [(C,H,),P],Pt(i;'-C«) 
and  Some  (((C,H,),P],M).(;r'-C,g)  Complexes  (M 
=  Ni.  Pd  and  Pt;  n  =  1.  2.  3  and  6)  -  Paul  J, 
Fagan,  Susan  A.  Lerka,  and  D.  H.  Evans 
3:10  Electron  and  Oxygen  Atom  Transfer  to  C^  - 
Formation  of  Oxygen  Atom  and  1 .3-dioxolane 
Adducts  -  C.  S.  Foote,  James  W.  Arbogast. 
Michelle  Kao.  Yiannis  Elamas,  Scott  Silverman, 
and  Chi-Min  Sheu 

WEDNESDAY.  MAY  20.  1992 

Chairman.  William  Goddard.  Ill;  Vice  Chairman. 
Christopher  Reed 

8:30  Analysis  of  the  Raman  Spectra  of  A,C«  and 
A/:«  -  F.  Negri,  Q.  Orlandi,  and  F.  Zerbetto 
9:00  Pholoexcitalion  and  Photodissoeialion  Channels 
of  Cn  -  Keith  R.  Lykke,  Peter  Wurz,  Deborah  H. 
Parker  Michael  J.  Pallin,  and  Dieter  M.  Qruan 
9:30  The  Sbucture  and  Symmetry  of  the  Orientational 
Ordering  of  C,,  -  A.  8.  Harris  and  R. 
Sachklanandam 


8:30  The  Fultorerwe  and  Fulleroids:  Preparation  and 
Proparffas  -  F.  Wudt.  O.  Li.  T.  Suzuki,  K.  C. 
Khemani,  M.  Prato,  and  S.  Shi 


628  FUL 

629  FUL 

630  FUL 

631  FUL 

632  FUL 

633  FUL 

634  FUL 

635  FUL 

636  FUL 

637  FUL 

633  FUL 


639  FUL 

640  FUL 

641  FUL 


627  FUL 
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1 0:00  Nuclur  Spin  Weight*  and  Gas  Phase  Spectral  S42  FUL 
Structure  of  and  ”C^  Buckminstarfullarane 
-  W.  G.  Harter  and  Tyle  C.  Reimer 

10:30  Charge  Transfer  at  Fullerane-Nobla  Metal  643  FUL 

Interfaces  -  J.  S.  Lannin 

11:00  Recent  Results  in  the  Synthesis  and  644  FUL 

Characterization  of  Discrete  Derivative*  of  C«,  - 
Joel  M.  Hawkins 

11:30  Molecular  Structures  of  the  Gaseous  Fullarene*  645  FUL 

C^  and  C„  from  Electron  Diffraction  -  Kenneth 
Hedberg,  Lise  Hedberg,  D.  S.  Bethune,  C.  A. 

Brown,  R.  D.  Johnson,  and  M.  de  Vries 


WEDNESDAY,  MAY  20,  1902 

Chairman:  Emmanuel  P.  Gianellis;  Vice 
Chairman,  Fred  WudI 

1:10  Orientational  Order  in  Fullerenes  -  P.  A.  Heiney  646  FUL 

1 :40  Structures  of  Carbon  Cluster  Ions  -  Gert  von  647  FUL 

Helden,  Paul  R.  Kemper,  and  Michael  T.  Bowers 
2:10  Bandgap,  Excitons  and  Coulomb  Interaction  in  648  FUL 
Solid  C„  ■  R.  Lof,  M.  van  Vaenendaal,  B. 

Koopmans,  H.  T.  Jonkman,  and  G.  A.  Sawatzky 
2:40  Synthesis,  Structure  and  Superconductivity  of  640  FUL 
Carbon-60  Fullerides  -  Zafar  Iqbal 
3:10  Twenty-minute  intermission 

3:30  Carbon  Nanotubes  -  Sumio  lijima  650  FUL 

4:00  Solvent. SupportingElsctrolyteandTemperature  651  FUL 
Effects  on  the  Electrorsductions  of 
Buckminsterfullerene  (C^)  in  Aprotic  Media  -  K. 

M  Kadish,  0.  Dubois,  G.  Moninot,  W.  Kutner, 
and  M.  T.  Jones 

4.30  Electron  Spin  Resonance  Characterization  of  852  FUL 
Singly.  Doubly  and  Triply  Reduced 
Buckminsterhjilerene.  C^.  in  Aprotic  Media  -  M. 

T.  Jones.  D.  Dubois,  and  K.  M.  Kadish 
5:00  Intercalation  of  Amina  FuncUonalized  Ch  in  653  FUL 
Mica-Type  Silicate*  -  V.  Mehrotra  and  Emmanuel 
P.  Gianneli* 

5:30  Theoretical  Studies  of  the  Structure.  Properties.  654  FUL 
and  Dynamics  of  Fullerene,  Crystals  and 
Superconductors  -  W.  A.  Goddard  III.  Yuefin 
Guo.  Guanhua  Chen,  and  Naoki  Karasawa 


WEDNESDAY.  MAY  20.  1902 

Chairman.  William  L.  Bell:  Vice  Chairman,  Jerzy 
Cioslowski 

7  00  Studies  Related  to  Extraction  and  Separation  of  655  TUL 
Fullerenes  -  Rodney  S.  Ruoff,  R.  Malhotra,  and 
Don  Lorants 

7:30  ESR  Studies  of  the  Reaction  of  Alkyl  Radicals  856  FUL 
with  Cm  -  P.  J  Krusic,  J.  fl.  Morton.  E. 

Wasserman.  and  K.  F.  Preston 

POSTER  SESSION 


Isomerism  and  Chirality  in  Bis-Metal  Derivatives 
of  Fullerene  C^  Ligated  in  i;-6,  7-5.  7-2  Fashion 
-  V.  I.  Sokolov 

Chemical  Oxidation  of  Buckminsterfullerene 
(Cm)  -  D.  L.  Stalling,  Congyuan  Gao,  Kenneth 
Kuo,  and  Kevin  Kelly 

MNDO  Study  of  Silicon-Substituted 
Buckminsterfullerene  -  Xinfu  Xia,  James  R. 
Bowser,  Daniel  A.  Jelski,  Thomas  F.  George, 
and  Jaili  Gao 

A  Systematic  Study  of  Structures  and  Stabilities 
for  Fullerenes  -  B.  L.  Zhang,  C.  Z.  Wang,  K.  M. 
Ho.  C.  H.  Xu.  and  C.  T.  Chan 
Nonlinear  Optical  Second-Order  Harmonic 
Generation  and  Suppression  in  Cm  Thin  Films  - 
X.  K.  Wang,  T.  G.  Zhang,  W.  P.  Lin,  Z.  Y.  Xu,  S. 
Liu.  M.  M.  Kappes.  G.  K.  Wong.  J.  B.  Ketterson, 
and  R.  P.  H.  Chang 

Vapor  Pressure  and  Thermal  Oxidation  of  Cm 
and  C,,  -  M.  Balooch,  W.  J.  Siekhaus.  J. 
Abrefah,  and  D.  R.  Olander 
Simultaneous  Electrochemical  Quartz  Crystal 
Microbalanca  artd  Cyclic  Voltammetry  Study  of 
Electrodeposition,  Doping  with  Countercations, 
and  Electrodissolution  of  Films  of 
Buckminsterfullerene,  Cm.  and  Its  Anions  in 
Polar  Aprotic  Solvents  -  Wonyong  Koh, 
Dominique  Dubois.  Wlodzimierz  Kutner,  M. 
Thomas  Jones,  and  Karl  M.  Kadish 

THURSDAY,  MAY  21.  1992 

Chairman.  Long  Chiang;  Vic*  Chairman,  Donald 
Bethune 

8:40  Nonlinear  Optical  Properties  of  Fullerenes  in  the 
Visible  and  Near-Infrared  -  Z.  H.  Kafafi,  J.  R. 
Lindle,  S.  R.  Flom,  R.  G.  S.  Pong,  and  F.  J. 
Bartoli 

9:10  Dynamics  of  Free  Fullerenes  in  Photophysics 
and  Collisions  -  W.  Kamk*.  E.  E.  B.  Campbell, 
and  I.  V.  Hartal 

9:40  Thermophysical  Properties  of  Solid  Cm,  C,,  and 
Related  Materials  -  J.  L.  Margrave,  Chenyu  Pan. 
M.  S.  Chandrasekharaiah,  M.  P.  Sampson,  and 
R.  H.  Haug* 

10:10  Superconductivity  in  Metal-Doped  Cm  Solids  -  C . 

M.  Lieber,  C.  C.  Chen,  Z.  Zhang,  and  S.  P.  Kelty 
10:40  Electrochemical  Reactivity  of  Fullerenes  and 
Their  Derivatives  -  F.  D'Souza,  Ram  Seshadri,  R. 
Nagarajan,  Govind  Raj,  V.  Krishnan,  and  C.  N. 
R.  Rao 

1 1 : .  0  Production  and  ESR  Spectroscopy  of  Fullerenes 
Containing  Metal  Atoms  -  Robert  D.  Johnson, 
Costantino  S.  Yannoni,  Maltanjah  S.  d*  Vries, 
Jess*  R.  Salem,  and  D.  S.  Bethune 
11:40  Gas-Phase  Characterization  of  Fullerenes  and 
Endohedral  Complexes  -  S.  W.  McElvany,  John 
H.  Callahan,  and  Mark  M.  Ross 


Chairman,  Karl  M.  Kadish:  Vice-Chairman. 
Rodney  S.  Ruoff 


THURSDAY,  MAY  21,  1992 


8:00  Radial  Vibration*  of  an  Ion  Inside  leosahedral 
to  Cm  -  J.  L.  Ballestar  and  B.  I.  Dunlap 
10:00  Organometallic  Chemistry  of  Fullerenas  in  the 
Gas  Phase  by  FTMS  -  Y.  Huang.  Q.  Jiao.  S.  A. 
La*,  and  B.  S.  Freiaar 

Solubilization  of  BuckminstorhiNerene,  Cm.  in 
Water  and  Some  Polar  Organic  Solvent*  by 
Cyclodaxbin  Inclusion  Chemistry  -  Wlodzimietz 
Kutner.  Pierre  Boulas,  and  Karl  M.  Kadish 
Excited  State  Behavior  of  Fullerenes  (Cm  and 
Cm)  arMi  Their  Reduction  in  Colloidal 
Semiconductor  Suspensions  -  Prashant  V. 
Kamat  and  Nada  M.  Dirnttrijevic 
Fluorlnated  BuckminstertuHerene*  -  K.  Kniaz.  J. 
E.  Fischer,  J.  P.  McCauley.  A.  B.  Smith,  III,  and 
H  Setig 


657  FUL 

658  FUL 

659  FUL 

660  FUL 

661  FUL 


Chairman,  Sumio  lijima:  Vic*  Chairman. 
Krishnan  Ragavachari 

1:10  Diamond  from  Fulleren**  -  M.  N.  Regueiro,  P. 

Monceau,  and  J.-L.  Hodeau 
1:40  Large  Fullerenes:  Structure*  and  Growth 
Mechanism  -  Yohji  Achiba 

2:10  Synthesteof  a  CM'P-Xylylen*  Copolymer  ■  D.  A. 
Loy  aiKl  R.  A.  Assiidt 

2:40  ESR  and  Opticsl  Studies  of  the  Radical  Ions  of 
Fulleren**  -  Tatsuhlea  Kato.  Takeshi  Kodama, 
Tadamasa  Shida,  Shinzo  Suzuki,  and  Yohji 
Achiba 

3:10  Twenty-minute  intermission 


662  FUL 

663  FUL 

664  FUL 

665  FUL 

666  FUL 

667  FUL 

668  FUL 


669  FUL 

670  FUL 

671  FUL 

672  FUL 

673  FUL 

674  FUL 

875  FUL 


676  FUL 

677  FUL 

678  FUL 

679  FUL 
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3:30  Electronic  Structures  and  Superconductivity  of  080  FUL 
Fullerenes  and  Fullerides  -  Susumu  Saito. 

Atsushi  Oshiyama,  Yoshiuyuki  Miyamoto, 

Shin-ichi  Sawada,  and  Noriah  Hamada 
4:00  Synthesis  of  Novel  Fullerane  Derivatives  -  G.  P.  081  FUL 
Miller 

4:30  Synthesis,  Extraction  and  Characterization  of  082  FUL 
Fullerenes  and  Metallofullarenes  -  Deborah 
Holmes  Parker,  Peter  Wurz,  Keith  R,  Lykke, 

Kuntal  Chatterjee,  John  C.  Hamminger,  Michael 
J.  Pallin,  Dieter  M.  Gruan,  and  Leon  M.  Stock 


10:30  Twenty-minute  intermission 

10:50  Mass  Spectroscopic  Characterization  of  Large  080  FUL 
Fuilarenes  and  Mataltofuliarenes  -  Hisanori 
Shinohara  and  Yahachi  Saito 

11:20  Experimental  Heat  of  Formation,  Vapor-Phase  OSO  FUL 
UV  Spectrum,  Vapor  Pressure  and  Heat  of 
Sublimation  of  C,,,  Buckminsterfullerena  - 
Duane  R.  Kirklin,  Allan  L.  Smith,  Yiu-Wing  Hui, 

Andrew  McGhie,  Wiliiam  J.  Romanow,  and 
George  Zimmerman 


FRIDAY,  MAY  22,  1982 


THURSDAY,  MAY  21,  1992 

Chairman,  Karl  M.  Kadish;  Vice  Chairman, 

Rodney  S.  Ruoff 

7:00  LargerFullerenesandFunctionalizedFullerenes:  683  FUL 

Structures  and  Stabilities  Krishnan 
Raghavachari  and  Celesta  M.  Rohifing 
7:30  Coordination  Chemistry  with  Fulleride  Ions  -  684  FUL 

Christopher  A.  Reed,  Alain  P4nicaud,  P. 

Bhyrappa,  and  John  Hsu 

8:00  Open  discussion/short  presentations/recent 
to  news 
10:00 


FRIDAY,  MAY  22,  1992 


Chairman.  Susumo  Saito:  Vice  Chairman.  Peter 
W.  Stephens 


6:30 

Th«  MuKipol*  Expantion  of  Intormolooular 
Forcat  Appliod  to  •  G.  Lashar 

685  FUL 

9  00 

Fullaranai  and  Fullaridaa:  Photoamitsion  and 
Scanning  Tunnaling  Microscopy  Studios  -  J.  H. 

Waavar 

686  FUL 

0  30 

Elactron-Phonon  Coupling  and  Suparconduct- 
ivity  in  Alkali  Intarcalatad  Solid  •  M  A. 

Schlutar 

687  FUL 

10:00 

Tha  Equilibrium  Structura  of  Big  Fullaranac: 
Spharical  or  Cylindrical  Sbapa?  *  Q.  E.  Scutaria 

688  FUL 

Chairman:  Michael  SchlQter;  Vice  Chairman,  H. 
Nori  Shinohara 

1:10  Structure  of  Superconducting  and 
Ferromagnetic  Fullerides  -  P.  W.  Stephens 
1:40  Isolation,  Spectroscopy,  and  Chemical 
Reactions  of  Fullerenes  -  R.  Taylor,  Paul  R. 
Birkett,  John  H.  Holloway.  Eric  C.  Hope,  John 
G.  Langley,  Mohamed  F.  Medeine,  T.  John 
Dennis,  Jonathan  P.  Hare.  Harold  W.  Kroto,  and 
David  R.  M.  Walton 

2:10  Collective  Electronic  Excitations  in  Fullerenes  - 
D.  Tomknek 

3:00  NMR  Studies  of  Molecular  Dynamics  and 
Electronic  Properties  of  Pure  and  Doped 
Buckybails  -  R.  Tycko,  G.  Dabbagh,  S.  E. 
Barrett,  M.  J.  Rosseinsky,  D.  W.  Murphy,  R.  M. 
Fleming,  and  R.  C.  Haddon 
3:30  (a)  Production  and  Characterization  of  Fullerane 

Encapsulated  Metals,  and  (b)  The  Search  for 
Fullerenes  in  Meteorites  -  M.  S.  de  Vries.  J.  R. 
Salem,  R.  D.  Johnson.  D.  S.  Bethune,  C.  S. 
Yannoni,  H.  R.  Wendt,  H.  E.  Hunziker,  K.  Reihs, 
and  M.  Hoinkis 

4:00  Light  and  Fullerenes:  Photoconductive  and 
Nonlinear  Optical  Properties  ■  Y.  Wang.  J. 
Caspar,  and  L.-T.  Cheng 

4:30  Synthesis  and  Characterization  of  Exo-  and 
Endohadral  Metal  Fullerides  -  John  B.  Wiley. 
Edward  G.  Gillan,  Shiou-Mei  Huang,  Kyu  Min. 
Marcos  Alvarez,  Chahan  Yeretzian,  Shinho  Cho, 
Francois  Diederich,  Robert  Whetten.  KAroly 
Hoiczer,  and  Richard  B.  Kaner 
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6I3FL'L  Structure  and  Dynamical  Properties  of  Large 
Fullerenes  and  Other  Novel  Forms  of  Carbon  by 
First  Principles  Molecular  Dynamics:  G  B  Adams.  J.  B.  Page,  O 
F  Sankey,'  K  Stnha.  J  Menendez,  and  M  O'Keeffe.  Depts  of 
Phvsics  and  Chemistry,  Arizona  State  University.  Tempo.  AZ 
85287 

We  nave  ’.i«ed  our  first  principles  molecular  dynamics  method' 
to  determine  the  minimum  ener®  geometries  and  electronic  struc¬ 
ture  of  more  than  20  different  lulTerenes,  including  fullerenes  of 
mass  60.  70.  80.  84,  120.  130,  140,  and  240  For  the  lowest  energy 
structure  of  most  mass  types  we  have  determined  the  vibrational 
modes  and  frequencies,  also  from  first  principles.  In  addition,  we 
have  examined  the  energy  and  vibrational  modes  of  novel  forms  of 
solid  carbon  which  are  energetically  competitive  with  solid  C,,. 
(This  work  was  supported  by  ONR-N00014-90-J-130-i.| 

1  O  F  Sankev  and  D.  J  Niklewski,  Phys.  Rev  B,  40,  3979 
(1989) 

814  FUL  Synthesis  and  Characterization  of  Endohedral 
Metallofullerenes;  J.  M.  Alford’  and  R.  E.  Smalley. 
Rice  Quantum  Institute,  Dept,  of  Chemistry,  Rice  University. 
Houston.  TX  77251-1892 

New  synthesis  techniques  developed  by  this  group  during  the 
last  year  now  enable  the  production  of  macroscopic  amounts  of 
endohedral  metallofullerenes.  These  special  molecules  which  com¬ 
pletely  encapsulate  a  metal  atom  or  cluster  of  atoms  within  their 
carbon  cages  can  be  synthesized  using  modified  versions  of  either 
the  laser  vaporization  method  or  the  standard  Kratschmer-Huff- 
man  (KH)  technique  Certain  metallofullerenes  such  as  those  con¬ 
taining  the  Group  III  elements  (Sc.  Y,  La)  are  easily  produced 


while  others  such  as  the  alkali  metal  containing  fullerenes  prove 
much  more  difficult  to  make.  A  survey  across  the  periodic  table 
shows  which  elements  can  be  incorporated  inside  the  fullerene 
structures.  While  characterization  of  a  pure  metallofullerene  re¬ 
mains  to  be  accomplished,  some  basic  studies  such  as  solubility. 
XPS,  and  ESR  have  been  performed  on  samples  containing  empty 
and  mixed  metallofullerenes.  These  results  show  that  one 
fullerene.  Cuz.  has  the  unique  property  of  forming  both  single 
atom,  y  @  C,2,  and  multiple,  Yn  ®  C,,.  metallofullerenes  that  are 
soluble  in  toluene.  A  more  detailed  analysis  of  these  results  as  well 
as  up-to-date  results  on  the  eharacterization  of  metallofullerenes 
in  general  are  presented. 

615  FUL  Structural  Studies  of  Organometallic  Derivatives  of 

Fullerenes;  A.  L,  Balch',  V.  J.  Catalano.  J.  W.  Lee. 
and  M.  M.  Olmstead,  Dept,  of  Chemistry.  University  of  Califomia- 
Davis,  Davis,  CA  95616 

The  iridium  complex,  InlCOlClfPPhila.  binds  reversibly  to  the 
exterior  surface  of  fullerenes  C«i  and  C70.  X-ray  crystallographic 
studies  show  that  binding  occurs  preferentially  at  6:6  ring  fusions. 
Crystal  formation  is  highly  sensitive  to  the  solvents  used  for  crys¬ 
tal  growth  and  solvents  are  incorporated  into  the  solids.  The  spa¬ 
tial  relationship  of  the  occluded  solvent  and  Fullerene  is  de¬ 
scribed  New  ligands  for  encircling  the  fullerenes  in  these  deriva¬ 
tives  are  described. 

616  FUL  Adsontion  of  1, 1,  2-Trichloro-l,  2,  2-trifluroethane 

on  Fullerenes;  W  L.  Bell'.  D.  T.  Wickham,  and  A.  L. 
Schtdtz.  TDA  Research.  Inc..  Wheat  Ridge.  CO  80033.  P  Nolan, 
U  S  Army  CRDEC,  Aberdeen  Proving  Ground.  MD  21010-5423 
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To  better  understand  the  surface  properties  of  fullerenes.  we 
have  investigated  adsorption  of  the  title  compound  (CFC-U3) 
from  the  gas  phase  onto  solid  fullerenes.  Adsorption  of  organic 
molecules  onto  activated  carbon  is  commonly  used  for  separation 
and  purification,  and  a  comparison  of  fullerenes  with  activated 
carbon  will  be  interesting.  We  measured  adsorption  by  following 
the  change  in  weight  of  the  fuUerene  sample  as  a  function  of  the 
partial  pressure  of  the  adsorbate  at  a  constant  temperature.  The 
resulting  adsorption  isotherms  are  discussed  and  compared  with 
results  obtained  for  activated  carbon. 


617  FUL  Quantum  Molecular  Dynamics  Calculations  for 

Fullerenes  and  BudcytuMs:  J.  Bemholc*,  J.-Y.  Yi, 
Q.'M.  Zhang.  C.  J.  Brabec,  E.  B.  Anderson,  S.  A.  Kajikara.  and  B. 
N.  Davidson.  North  Carolina  State  University.  Raleigh,  NC  27695- 
8202 

We  describe  the  results  of  extensive  ah  initio  molecular  dy¬ 
namics  calculations  of  the  properties  of  fullerenes  and  bucky- 
tubes.  Our  finite  temperature  quantum  MD  simulations  for  solid 
Crio  are  in  excellent  a^eement  with  NMR.  photoemission,  and  neu¬ 
tron  scattering  data.  The  Ch.  isomer  containing  two  pairs  of  adja¬ 
cent  fivefold  rings  has  a  binding  energy  only  1.6  eV  smaller  than 
that  of  perfect  but  the  transformation  between  these  two 
structures  is  hindered  by  a  5.4  eV  barrier.  It  thus  requires  high 
temperatures  and  long  annealing  times.  High  temperatures  are 
also  needed  for  the  transformation  of  the  lowest  energy  C;.,,  isomer, 
a  dodecahedron,  to  a  corannulene  structure,  which  can  be  thought 
of  a.s  a  fragment  of  C,5„.  The  corannulene  structure  is  a  natural  pre¬ 
cursor  for  the  formation  of  Chm  These  results  are  consistent  with 
the  experimental  findings  that  high  temperatures  are  necessary 
for  the  formation  of  substantial  quantities  of  C«„.  The  results  of 
band  structure  and  doping  calculations  for  optimized  structures  of 
several  buckvtubes  are  also  described  (This  work  was  supported 
by  ONR.  Grant  No.  N00014-91-J-1516.) 

618  FUL  Calculation  of  Linear  and  Nonlinear  Microscopic 

Polarizabilities  of  C«q  and  its  Doped  Species:  A. 

RoSini  and  E.  Wcstzr?,  Dept,  of  Physics.  Chalmers  University  of 
Technology  and  University  of  Goteborg,  S-412  96  Gbteborg, 
Sweden 

Molecular  cluster  calculations  (1,2)  within  the  local  density 
approximation  have  been  performed  in  a  study  of  the  electronic 
structure  of  C,i„.  XC,.„  and  monosubstituled  fullerenes  Cs<.X,  where 
X  =  IB.  Nl,  Doping  with  B  and  N  in  the  center  of  the  cage  creates 
an  electronic  structure  with  a  partly  occupied  level  in  the 
bandgap.  similar  to  the  donor  and  acceptor  levels  in  traditionally 
doped  semiconductors,  while  substitution  of  one  of  the  carbon 
atoms  in  the  cage  with  B  or  N  gives  a  splitting  of  the  HOMO  and 
LUMO  levels  in  the  bare  C..,.  molecule.  Using  wavefunctions  deter¬ 
mined  from  these  molecular  calculations  the  frequency  dependent 
linear  and  nonlinear  optical  microscopic  polarizabiUliVs,  i.e..  y  (1). 
y(2).  and  Y  (3).  tensors,  for  a  process  of  linear,  second  and  third  har¬ 
monic  generation  have  been  evaluated.  The  breaking  of  inversion 
symmetry  for  the  mono-substilutod  species  results  in  a  large  2:nd 
order  response.  The  relative  importance  of  electric -quadrupole 
and  magnetic  interactions  are  also  considered.  Our  results  are 
fr)und  to  be  in  reasonable  agreement  with  experimental  data  from 

.  .easurements  of  susceptibilities  of  C . r  e..  thin  films  or  solution 

data 

1  B  Waslberg  and  A  Rosen.  Pfiv^ica  ocnpfn.  44,  276  (1991) 

2  A  Rosen  and  B.  Wastberg.  5«r/.  kSVi  .  in  press 

3  7.  H,  Kafafi.  Private  communication. 

4  W  J.  Blau  er  at..  Phys.  Rei\  Lett..  67,  1423  (1991) 

5.  X.  K,  Wang,  Private  communication 

619  FUL  High-Resolution  Transmission  Electron  Microscopy 

of  Fullerenes:  P  R.  Buseck*  and  5.  Wang.  Dept  of 
Geology  and  Chemist rv.  Arizona  State  University.  Tempo.  AZ 
8.5287 

In  spite  of  the  intense  research  activity  that  has  gone  into 
studying  the  fullerenes  during  the  last  two  years,  much  of  the  in¬ 
formation  about  their  shapes  and  local  structures  is  inferential. 
Nonetheless,  it  is  evident  that  many  fullerene  samples  contain 
molecules  of  varied  sizes.  In  some  instances  these  diverse 
molecules  pack  into  crystals  that  then  contain  “defects"  consisting 
of  either  isolated  fullerenes  having  dimensions  different  from  their 
hosts,  or  mlo  domains  of  one  type  of  fullerene  with  domain  l^und- 
ar.es  separating  them  from  fullerenes  of  other  sizes.  There  are  also 
instances  in  which  large  fullerenes  occur  as  isolated  molecules  or 
in  molecule  clusters  rather  than  in  crystals,  Because  of  its  ability 
to  obtain  extremely  high  spatial  resolution  images  of  thin  volumes 
of  material,  high-resolution  transmission  electron  microscopy  is 
well  suited  for  studying  such  samples  as  well  as.  in  ideal  cases,  iso¬ 
lated  molecules  We  have  observ^  and  imaged  domain  structures 
of  fullerenes  containing  up  to  130  molecules,  and  we  have  indica¬ 
tions  of  far  larger  units  as  well  as  domains  smaller  than  C«o.  Ex¬ 
amples  are  shown. 

620  FUL  On  the  Use  of  Cm  or  Clusters  to  Nucleate  Dia¬ 

mond  Crystals:  R.  P.  H.  Chang,  Dept,  of  Materials 
Science  and  Engineering.  Northwestern  University,  Evanston.  IL 
60208.  R.  Meilunas,  Grumman  Corp.,  Corporate  Research  Center, 
Bethpage,  NY  11714-3580,  S.  Liu  and  Af.  M.  Kappes,  Dept,  of 
Chemistry.  Northwestern  University.  Evanston.  IL  60208 


Chemical  vapor  deposition  is  a  promising  technique  for  grow¬ 
ing  diamond  films  on  a  variety  of  substrate  materials  for  protec¬ 
tive  coatings  and  the  fabrication  of  active  electronic  and  optical 
devices.  However,  a  number  of  reouirements  in  the  film  growth 
process  are  limiting  the  full  technological  development  and  com¬ 
mercialization  of  this  technique.  These  include  the  need  for  high 
growth  temperatures  and  the  necessity  of  pretreating  nondiamond 
substrates  by  polishing  them  with  aiamond  grit.  The  latter  re- 
uirement  is  essential  to  obtain  a  high  enough  initial  nucleation 
ensity  of  diamond  crystallites  on  the  substrate  to  form  continu¬ 
ous  films.  Such  a  pretreatment  is  not  desirable  for  coating  large  or 
nonplanar  surface  areas.  We  report  a  novel  method  for  nucleating 
diamond  crystallites  by  substituting  diamond  grit  polish  with  a 
thin  solid  film  of  C«(,  or  Cth  carbon  cluster.-  Our  method  also  al¬ 
lows  for  the  growth  of  diamond  in  preselected  areas,  a  potential 
application  in  lithography.  A  simple  model  of  the  possible  nucle¬ 
ation  mechanism  is  given. 

621  FUL  Formation  of  Fullerenes  from  Molecular  Dynamics 

Simulations:  J.  R.  Ckelikoivsky’*  and  X.  Jing,  Dept, 
of  Chemical  Engineering  and  Materials  Science,  Minnesota  Super¬ 
computer  Institute.  University  of  Minnesota,  Minneapolis,  MN 
55455 

We  have  examined  the  nucleation  of  fullerenes  via  Langevin 
molecular  dynamics  simulations.  Two  simulations  are  considered. 
One  simulation  (1)  focuses  on  a  “hot  gas"  of  sixty  carbon  atoms. 
This  gas  is  rapidly  quenched.  In  this  simulation,  the  growth  se¬ 
quence  is  dominated  by  the  nucleation  of  long  carbon  chains  in  the 
initial  phase  As  the  nucleation  process  proceeds,  these  chains 
branch  and  form  polycyclic  rings.  We  find  an  abrupt  onset  of  ring 
formation  at  a  temperature  which  corresponds  to  the  melting 
point  of  graphite.  The  resulting  structure  resembles  buckminster- 
tuUerene  with  a  number  of  defects.  A  video  of  this  simulation  is 
presented.  The  second  simulation  consists  of  adding  monomers  at 
a  constant  “high"  temperature.  Initially,  open  structures  are 
formed.  For  clusters,  with  n  >  25.  the  structures  resemble 
fullerene  cages.  We  find  the  growth  pattern  in  this  simulation  is 
dominated  by  monomer  addition  to  the  edges  of  the  open  struc¬ 
tures.  or  to  the  surface  of  the  fullerene  cages.  This  second  simula¬ 
tion  illustrates  a  growth  sequence  in  which  atoms  are  rarely 
trapped  within  the  fullerene  cage.  (This  work  was  supported  by 
the  U.S.  Department  of  Energy  Grant  No.  DE-FG()289ER4539’l 
and  the  Petroleum  Research  Fund, 

1.  J.  R.  Chelikowsky,  Phys.  Rev.  Lett..  67,  2970  (1991) 

622  FUL  Molecular  Dynamics  Study  of  and  Alkali- 

Doped  Cm:  a.  Cheng*  and  M.  L.  Klein.  Dept,  of 
Chemistry  and  Laboratory’  for  Research  on  the  Structure  of  Mat¬ 
ter.  University  of  Pennsylvania.  Philadelphia.  PA  19104-6323 
Molecular  dynamics  simulations  have  been  performed  for  sol¬ 
id  C^o.  C«..0  and  alkali-doped  C^,  using  a  pair-wise  atom-atom  po¬ 
tential.  At  room  temperature  Cm,  form  a  faco-cenlered-cubic  lat¬ 
tice  with  C,i„  molecules  undergoing  hindered  rotation.  An  orienta¬ 
tional  disorder-order  transition  occurs  upon  cooling.  CuO  has  the 
same  lattice  symmetry’  as  the  C^,  solid  and  the  presence  of  oxygen 
atoms  does  not  change  the  nature  of  transition.  However,  the  at¬ 
tached  oxygen  atom  slows  down  the  rotational  motion  dramatical¬ 
ly.  C....O  molecules  prefer  pointing  along  (100)  directions  so  that 
oxygen  atoms  stay  in  the  octahedral  sites.  Alkali-doped  Ch.,  (M,Ch„) 
is  Created  as  an  ionic  crystal,  assuming  that  charges  are  complete¬ 
ly  transferred  from  alkali-atom  to  C^.  and  are  equally  shared  by  60 
carbon  atoms,  A  structural  transformation  from  a  face-centered- 
cubic  to  a  body-centered-cubic  phase  is  observ'od  between  j*  =  .3 
and  ,r  =  4.  The  results  of  K,Ch.i  and  K^Cm,  are  discussed. 

623  FUL  Synthesis  of  Fullerols  by  Electrophilic  Reactions  on 

Fullerene  Molecules:  L.  Y.  Chiang.  R.  Upasani.  and 
J.  W  Swirczexvski.  Corporate  Research  Laboratory.  Exxon  Re¬ 
search  and  Engineering  Co..  Annandale.  NJ  08801 

Fullerene  molecules  exhibit  a  high  reactivity  towards  both  nu¬ 
cleophilic  substitutions  and  electronic  reductions  However,  un¬ 
like  most  of  highly  conjugated  aromatics,  they  are  relatively  inert 
to  the  electronic  oxidation  showing  a  remarkable  stability  even 
under  doping  with  arsenic  pentafluoride  at  solid  state  We  demon¬ 
strated  that  the  reactivity  of  electrophilic  substitution  on 
fullerenes  can  be  si^ificanlly  enhanced  using  the  solution  chem¬ 
istry.  As  an  example,  we  outline  three  possible  methods  for  the 
preparation  of  fullerols  as  polyhydroxylated  fullerene  derivatives 
through  the  reaction  of  fullerenes  with  electrophilic  reagents.  The 
synthetic  methodology  includes  an  aqueous  acid  chemislrv'.  the 
epoxidation  reaction,  and  the  interesting  nitronium  chemistry  for 
tne  conversion  of  fullerenes  to  fullerols.  We  discovered  that  the 
aqueous  acid  chemistry  is  an  efficient  low  cost  method  to  intro¬ 
duce  multiple  hydroxy  groups  onto  the  fullerene  molecules  The 
reaction  produces  fullerols  in  essentially  quantitative  yield.  We 
found  that  the  structure  of  fullerols  can  oe  reproduced  either 
through  the  epoxidation  of  fullerenes  followed  by  hydrolysis  or 
the  electrophilic  attack  of  nitronium  ions  on  fullerene  molecules  in 
the  presence  of  organic  acid.  The  strong  electrophilicity  of  nitron¬ 
ium  ion  develops  a  carbocationic  center  on  fullerene  molecules 
that  is  susceptible  to  the  nucleophilic  attack  of  organo  carboxylic 
anion.  T^e  resulting  nilro-organocarboxylated  fullerene  deriva¬ 
tives  can  be  transformed  into  fullerols  through  the  further  water 
treatment  and  hydrolysis. 
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624  FUL  Preparation  and  Characterization  of  Cfio/f^7a  Crystals 
and  Solutions:  C.  W.  Chu*,  J.  G.  Lin,  Y.  K.  Tao,  Y.  Y. 
Sun,  R.  L.  Meng,  and  P.  H.  Hor,  Dept,  of  Physics  and  Texas  Center 
for  Superconductivity  at  the  University  of  Houston,  Houston.  TX 
77204-5932 

We  have  grown  crystals  of  (C,jo)j-(C7,i)i.,r  with  x  =  0  to  1,  using 
the  sublimation  and  solution  techniques.  The  effects  of  the  solvent 
on  the  structural  morphology  and  symmetry  of  the  crystals  grown 
from  the  solution  technique  were  examined.  For  x  =  0,  crystals 
prepared  from  solutions  of  hexane,  toluene,  benzene,  and  n-pcn- 
tane  have  a  fee  structure  with  a  lattice  parameter  a  =  14.2  A, 
which  is  identical  to  that  of  cry’stals  grown  by  sublimation.  How¬ 
ever.  the  morphology  of  these  crystals  depends  on  the  solvent  used, 
e.g.,  Ck.!  crystals  grown  from  benzene  are  transparent,  brown,  thin 
hexagonal  platelets;  those  from  hexane  and  toluene  are  fibers; 
those  from  n-pentane  are  column-shaped  cr>'slals;  and  those 
grown  by  sublimation  are  dark  cubes.  Ether  appears  to  be  an  ex¬ 
ception.  It  bonds  to  C«,i  and  causes  the  formation  of  a  non-fee  Cb„ 
crystal  which  decomposes  at  ~400'C  into  fee  cr\'stals.  In  contrast 
to  C..,,.  Cto  tends  to  bind  with  the  solvent  molecules  and  form  crys¬ 
tals  of  a  lower  s>Tnmetr>'  than  fee,  such  as  10-sided  column-shaped 
cry  stals,  showing  a  pseudo-ten-fold  symmetry  due  to  twinning  of 
a  monocUnic  cell.  Complete  solid  solutions  for  x*  =  0  to  1  are 
formed  by  the  sublimation  technique  with  a  continuously  increas¬ 
ing  lattice  constant.  However,  due  to  the  interaction  between 
and  solvent  molecules,  two  fee  structures  with  different 
lattice  constants  are  synthesized  from  solvents,  corresponding  to 
C.i„  and  a  specific  Cb.i/C:  , solid  solution.  (This  research  is  supported 
in  par't  by  NSF.  TCSUH.  and  the  T.  L.  L,  Temple  Foundation. 

623  FUL  Application  of  Real-Time  SERS  and  STM  in  Studies 
of  Cm  and  C70:  V  Zhang,  X.  Gao.  G.  Edens,  and  M.  J. 
Wearer. *  Dept,  of  Chemistry.  Purdue  University.  West  I,afayette 
IN  47907 

Real-time  surface-enhanced  Raman  specti'oscopy  (SERS)  and 
scanning  tunneling  microscopy  (STM)  have  been  applied  to  exam¬ 
ine  thi.i  films  of  C.„.  and  C-,,  with  the  aim  of  understanding  the 
structural  effect  on  structures  of  adding  electrons  to  the 
molecules,  and  to  reveal  the  real-space  ring-resolution  structures 
of  both  fullerenes.  and  to  reveal  the  centrosymmetric  D  ,h  structure 
of  C  SERS  studies  (1)  were  undertaken  in  acetonitrile  with 
letrabutylammonium  perchlorate  as  electrolyte  on  polycrystalUne 
gold  under  cyclic  voltammctric  excursions.'  Besides  the' ten  Ra¬ 
man-active  modes,  several  IR-activc  modes  were  also  observed  for 
neutral  C,,. .  indicating  symmetry  diminution  duo  to  surface  bind¬ 
ing.  Upon  electrorediiclion  to  the  C^..  monoanion,  several  Raman- 
aetive  hands  downshift  significantly  in  Creauency;  two  of  them 
yield  doublets,  reflecting  anticipated  Jahn-Teller  distortions  in  the 
monoanion.  STM  (2)  images  of  C„„  and  C:,.  were  obtained  largely  in 
air  on  Au(  111)  except  the  ring-resolution  images,  which  were  ob¬ 
tained  on  Au(l  10)  in  (I  l.M  HCIO,.  solution  with  electrode-poten¬ 
tial  control.  Hexagonal  close-packed  layers  were  obtained  for  C„,. 
and  C- on  Aud  1 1).  but  the  C- ,  layers  exhibit  tw'o  different  orien¬ 
tations  corresponding  to  the  long  and  short  axes  being  parallel  to 
the  surface  While  the  fullrrene  layers  are  loss  ordered  on  Au{l  10). 
tno  molecules  are  less  mobile  and  can  yield  STM  images  exhibiting 
ling-resolution.  Electron-  (or  hole-)  driven  superexenange  mecha¬ 
nism,  as  discu.ssed  m  conventional  molecular  redox  chemistry,  are 
firoposed  he  responsible  for  the  observed  mouvular-  land  ring-) 
resolution  STM  images. 

1  V  /hang.  G  Edens,  and  M  J.  Weaver. ,/.  Aw  Chern  Soc., 
lU.  9:195  d991) 

2.  Y  /hang.  X.  Gao  and  M.  J.  Weaver. ./.  Phgs.  Chem..  In  press. 

626  FUI..  Bond  Breaking  and  Bond  Making  with  Fullerenes;  R. 

Malhotra* .  D.  S.  Tse.  R.  S.  Ruoff,  D.  F.  McMUlen. 
and  D  C.  Lorents.  Molecular  Physics  Laboratory.  SRI  Interna¬ 
tional.  Menlo  Park,  CA  94025-3493 

In  previous  work  performed  in  the  context  of  coal  liauefaction 
and  pyrolysis  we  havt*  found  that  polycyclic  aromatic  hydrocar¬ 
bons  { PCAH).  notably  pyrene,  catalyze  transfer  of  hydrogen  atoms 
via  a  bimfilecular  proces.s  and  aid  in  the  cleavage  of  strong  arvl- 
alkyi  linkages  We  tested  the  ability  of  fullerenes,  which  are  also 
aromatic,  m  engendering  scission  of  such  bonds  using  1.  2'-di- 
naphlhvlmethane  as  a  model  structure.  Reactions  were  conducted 
at  400  C  in  a  50  50  mixture  of  phenanlhrene  and  9.  10-dihy- 
drophenanthrene  solvent  system  Addition  of  the  fullerene  extract 
(-85",,  C,;„  and  14".,  C-,,)  enhanced  the  cleavage  rate  by  .50%,  The 
enhanced  cleavage  rale  was  also  attend(*d  by  an  increa- '  in  the  se¬ 
lectivity  of  cleavage  at  the  l-position  of  naphthalene  leading  to 
the  formation  of  2-methylnaphthalene.  The  results  are  consistent 
with  the  view  that  the  fullerenes  catalyze  the  transfer  of  H  atoms 
to  the  ipsf)  position  t)f  1.  2'-dlnaphthylmothane.  The  ability  of 
fullerenes  in  catalyzing  H-transfers  is  also  reflected  in  the  prod¬ 
ucts  obtained  by  extracting  the  raw  Kratschmer-Huffman  soot 
with  high  boiling  solvents  such  as  mesitylene  and  dielhylbenzene. 
While  these  solvents  can  he  heated  under  reflux  for  long  periods 
without  anv  coupling,  contact  with  the  fullerenes  leads  to  the  for¬ 
mation  of  dimers,  trimers.  and  other  oligomers. 

627  FLU  The  Fullerenes  and  Fulleroids:  Preparation  and 

Properties:  F.  Wudl*.  Q  Li,  T  Suzuki.  K.  C.  Kher- 
rnant.  M  Prato,  and  N  Shi,  Institute  for  Polymers  and  Organic 
Solids  and  Dept  of  Chemistry  and  Physics.  University  of  Califor¬ 
nia.  Santa  Barbara,  CA  93106 


The  preparlion  of  fulleroids  (e.g.,)  is  described. 


Fulloroids  are  cage  molecules  which  are  "inflated"  fullerenes. 
The  smallest  members  have  essentially  the  same  electronic  struc¬ 
ture  as  fullerene  Ck.,  and  are  expected  to  produce  materials  with 
unusual  properties,  in  analogy  to  their  fullerene  analogs.  Details 
of  their  characterization  and  structure  determination  such  NMR. 
x-ray  crystallography  and  UV-vis  spectroscopy  are  presented.  The 
electrocnemical  properties  of  the  fulleroids  are  also  presented.  Ex¬ 
tension  of  the  fulleroid  approach  to  the  preparation  of  polymers 
containing  the  fulleroid  unit  is  also  presented.  Preliminary’  results 
indicate  that  the  polymers  have  a  very’  high  and  are  insoluble  in 
a  large  number  oi  solvents. 

628  FUL  Endohedral  Complexes  of  the  Cm  Cluster:  Ab  Initio 

Electronic  Structure  Calculations:  J.  Ciosfouisfci, 
Dept,  of  Chemistry  and  Supercomputer  Computations  Research 
Institute.  Florida  State  University,  Tallahassee.  FL  32306-3006 
Although  their  existence  was  postulated  several  years  ago.  the 
experimental  evidence  for  endohedral  complexes  in  which  atoms, 
ions,  or  molecules  are  trapped  inside  hollow  carbon  clusters  has 
become  available  only  very  recently.  Contrary'  to  popular  belief, 
the  guests  in  these  complexes  often  tend  to  displace  themselves 
from  the  cage  center.  Results  of  large-scale  ab  initio  calculations 
on  several  endohedral  complexes,  including  those  with  the  Li'. 
Na*.  and  Mg**  cations,  noble  gases,  and  several  diatomic 
molecules,  are  presented.  Trends  in  the  calculated  properties  are 
rationalized  in  terms  of  electrostatic  interactions  between  the 
guests  and  the  cage,  and  polarization  effects.  Approximate  equa¬ 
tions  allowing  predictions  of  the  complexation  energies  are  de¬ 
rived.  Rules  guiding  the  presence  or  absence  of  charge  transfer  be¬ 
tween  the  guest  molecule  and  the  Cb.i  cage  are  discussed.  The  ori¬ 
gins  of  the  so-called  endohedral  effect  are  explained  using  con¬ 
cepts  of  density  functional  theory. 

629  FUL  On  the  Generation,  Separation,  Physics,  and  Chem¬ 

istry  of  Large  Carbon  Clusters:  R.  N.  Compton,* 
R.  L.  Hettich.  R.  H.  Ritchie,  and  P.  Britt.  Oak  Ridge  National  Lab¬ 
oratory.  Oak  Ridge.  TN  37831.  A.  A.  Purctzfcy,  Institute  of  Spec- 
tro.scopy  U.S.S.R.  Academy  of  Sciences.  Moscow.  Russia.  W.  F. 
Frey.  Dept,  of  Phy.sics.  Davidson  College.  Davidson.  NC  28036. 
A.  A.  Tuinman,  J.  L.  Adcock,  and  P.  Mukherjee,  Dept,  of  Chem- 
istn'.  The  University  of  Tennessee.  Knoxville,  TN  37996.  M.  Diack 
and  G.  Guichon,  Oak  Ridge  National  Laboratorv.  Oak  Ridge.  TN 
37831 

Laser  ablation  and  contact-arc  techniaues  have  been  used  to 
generate  large  carbon  clusters  and  many  of  their  derivatives.  The 
effects  of  various  buffer  gases  (He,  Ne.  Ar.  Kr.  Xc)  on  the  growth 
of  fullerenes  are  described  along  with  spectroscopic  analysis  of  the 
laser  produced  plumes.  Laser  ablation  of  graphite  in  the  presence 
of  N.*  and  Hj  results  in  C„N,„  and  compounds  (n.  m  <20)  and  is 
.shown  to  be  deleterious  to  the  growth  of  fullerenes.  Separation  of 
the  various  fullerenes  is  carried  out  with  liquid  chromatography 
on  a  C18  chemically  bonded  silica  column  as  well  as  with  a  new 
sublimation  technique.  UV/visible,  IR.  and  Raman  spectra  are 
recorded  for  the  separated  fullerenes  and  their  derivatives  Cb„  was 
hydrogenated  using  gas  phase  catalytic  techniques  to  yield  Ck.,H,.. 
and  Fluorinalion  results  in  maximum  iluorination  corre- 

.sponding  to  C«»F4k  and  C7<.F-.b.  Sample  degradation  with  lime  (in 
CbF,.  solution)  produces  Cw.F.m^  and  C^uF^k  Both  positive  and  nega¬ 
tive  ion  high  resolution  mass  spectra  are  recorded  using  both  sur¬ 
face  ionization  and  gas  phase  ionization  techniques.  Laser  desorp¬ 
tion  yields  the  doubly  charged  C„a  %  Cto  Cb.iF,  %  and  CtoF^  -  ions 
with  .r  =  37  -  45  and  y  =  45  -  51  (see  also  reference  1).  Finally,  laser 
desorption  negative  ion  mass  spectra  of  samples  produced  from 
laser  ablation  of  boron  carbide  (B^C)  yields  ions  of  the  stoichiome¬ 
try  Q.-Bjo .  etc  ,  and  weaker  peaks  at  CboB  «  C«;;B  etc  Geo¬ 

metrically  it  is  possible  for  and  Bm  to  fit  inside  Chm  Efforts  are 
underway  to  prove  or  disprove  this  hypothesis 

I.  R.  L.  Hettich.  R.  N.  Compton,  and  R.  H.  Ritchie.  Phi/s.  Rcr. 
Lett,  ST.  1242  (1991). 

630  FUL  Synthesis  and  Characterization  of  CmO:  The  First 

Fullerene  Epoxide:  D.  Af.  Cox.  K.  M.  Creegan.  J  M. 
Miifar.  .1.  L,  Robbins.  W.  K.  Robbins.  R.  D.  Sherwood  and  P.  J.  Tin¬ 
dall.  Exxon  Research  and  Engineering  Company.  Annandaie.  NJ 
08801.  J.  P  McCauley.  Jr.,  D.  R.  Jones,  R.  T.  Gallagher  and  A.  B. 
Smith  III,  Dept  of  Chemistry.  University  of  Pennsylvania. 
Philadelphia,  PA  19104. 

Using  high  pressure  liquid  chromatography,  a  new  monofunc¬ 
tional  fullerene.  Cb,)0,  was  separated  from  the  fullerene  mixture 
generated  via  resistive  healing  of  carbon  rods.  Characterization  by 
mass  spectrometry  and  '  ‘C  NMR  solution  and  solid  slate,  infrared 
and  UV-vis  adsorption  spectroscopy  strongly  supports  the  epoxide 
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structure  1,  and  not  the  isomeric  oxo-annulcne  type  structure  2. 
Solid-state  properties  of  Ct,(,0  are  discussed.  C«j,b  can  be  synthe¬ 
sized  at  about  7%  yield  from  ultraviolet  irradiation  of  Q.,  in  oxy¬ 
gen  saturated  benzene  solutions.  Upon  addition  of  benzil  to  the  so¬ 
lution  significantly  higher  yields  can  he  obtained. 


t  * 

631  FUL  In  situ  Magnetic  Circular  Dichroism  and  Fourier 

Transform  Infrared  Spectroscopy  of  €««  Species:  D. 

Scherson*,  M.  Zhao,  S.  Kim,  I.  T.  Bae,  and  C.  Rosenblatt,  Depls. 
of  Chemistry  and  Physics.  Case  Western  Reserve  University. 
Cleveland.  OH  44106,  D.  Dubois  and  K.  Kadish,  Dept,  of  Chem¬ 
istry,  University  of  Houston,  Houston,  TX  77204-5641 

The  solution  phase  properties  of  Cs,i  and  its  mono-,  di-  and 
trianions  in  organic  electrolytes  have  been  examined  in  situ  by 
magnetic  circular  dichroism  (MCD)  in  the  UV-vis  region  and 
Fourier  transform  infrared  spectroscopy.  For  the  MCD  measure¬ 
ments.  a  newly  designed  instrument  was  used  in  which  a  beam  of 
alternately  right-  and  left-circularly  polarized  light,  aligned  es¬ 
sentially  parallel  to  the  magnetic  field,  is  allowed  to  reflect  at 
near  normal  incidence  onto  a  highly  polished  gold  working  elec¬ 
trode  surface.  Large  differences  were  observed ^tween  the  in  situ 
MCD  spectra  of  the  neutral  species,  characterized  by  what  ap¬ 
pears  to  be  a  B  term  at  325  nm.  and  those  of  the  corresponding 
electrogenerated  anions,  for  which  the  signals  were  much  weaker 
and  less  well  defined  An  analysis  of  these  results  as  well  as  those 
obtained  with  the  FTIR  measurements  is  discussed.  (This 

work  was  supported  in  part  by  the  Gas  Research  Institute.  Valu¬ 
able  discussions  with  Profes.sor  A.  Gewirth  for  University  of  Illi¬ 
nois  are  also  gratefully  acknowledged.) 

632  FUL  Fullerene  Molecular  Weight  Distributions  Deter¬ 

mined  by  La.ser  Desorption/Founer  Transform 
.Mass  Spectrometry:  VV  H.  Creasy*  and  J.  A.  Zimmerman.  IBM 
Conv.  Fndicotl.  NY  13760 

Recent  progress  has  been  made  in  the  extraction  of  high  mo- 
N'culur  weight  fullorones  from  graphite  soot  (1).  Fourier  transform 
rtujss  spectrometry  (FTMS)  using  266  nm  laser  desorption  has 
proven  to  be  a  useful  method  for  obtaining  molecular  weight  dis¬ 
tributions  of  the  extracted  fullerenos.  The  advantages  and  limita¬ 
tions  of  this  technique  are  discussed.  Some  examples  of  the  distri¬ 
butions  of  fullerenos  which  can  be  extracted  by  using  different 
solvents  are  shown.  Since  laser  desorption  can  be  an  energetic 
method  of  ion  formation,  it  is  necessary  to  consider  the  fragmen¬ 
tation  of  fullerenos  into  smaller  species  during  the  desorption.  Al¬ 
ternately.  it  has  also  been  found  that  fullerenes  can  form  by 
growth  processes  during  laser  ablation  of  some  materials;  in  fact, 
this  IS  the  method  by  which  fullerenes  were  originally  obserxx'd 
(2).  Both  of  these  processes  are  discussed  in  relation  to  the  ob¬ 
served  distributums. 

1  (V  Smart.  B  Eldndgo.  W,  Router.  J.  A.  Zimmerman.  W.  R. 
Creasy,  and  R  S  Kuoff,  Chem  Phys.  Lett.,  In  press  (1992)- 

2  K  A  Rolfing.  n  M  Cox.  and  A  Kaldor. ./.  Chew  Phys  .  61. 
y.Vl'l  (19H4). 

633  Fll.,  Structure  and  Electronic  Properties  of  CsD’Ba.sed 

Tubules:  M  S.  Dres.selhaus.*  R.  Saito.  M  Fujitn. 
and  (i.  Dresselhau.s.  MIT.  Cambridge.  MA  02139 

The  cfincept  of  a  C,.., -based  tubule  follows  from  the  p  i-Uion 
between  the  rugby  ball  shaped  C-„  and  the  spherical  C«„  m<'.  *  iile. 
This  relation  suggests  graphene  tubules  formed  from  a  hemi¬ 
sphere  of  the  C„,,  molecule  normal  to  a  five-fold  axis.  A  similar 
ronstnu-tion  can  be  made  normal  to  a  three-fold  axis.  By  viewing 
the  relationship  between  the  honeycomb  graphene  lattice  and  a 
graphene  tubule,  a  general  graphene  tubule  including  the  chirali¬ 
ty  of  the  tubule  can  be  si^rcified  and  described  by  a  single  vector 
on  the  honeycomb  graphene  lattice  A  geometric  construction 
provides  the  key  to  spe^’ifying  a  nucleating  cap  for  each  fiber.  This 
geometrical  construction  is  more  generally  useful  in  .specifying 
families  of  higher  order  fullerenes.  Of  particular  interest  are  the 
1 1)  dispersion  relations  for  graphene  tubules  arising  from  the  ap- 
pheatum  of  periodic  boundary  conditions  in  the  circumferential 
direction  For  example,  the  eU*ctronic  dispersion  relations  can  be 
simply  determined  bv  zone  folding  the  2D  tight  binding  energy 
bands  first  calcvilaled  by  Wallace  in  1947.  The  results  of  this  cal¬ 
culation  show  that  approximately  1/3  of  the  possible  graphene 
tubules  are  metallic,  depending  on  the  fiber  diameter  and  chiral 
angle  The  remaining  2/3  are  semiconducting.  The  implications  of 
these  results  on  mesoscopic  structures  with  cylindrical  .symmetry 
are  discussed 

634  FUL  Symmetry  for  Lattice  Modes  in  C*#.  C7,  and  Alkali 

Metal  Doped  C*«:  G,  Dresselhaus  and  M.  S.  Pressel- 
fiaus.  MIT.  Cambridge.  MA  02139.  P  C  Fklund,  University  of 
Kentucl  ..  Lexington.  KY  40506 

We  present  group  theoretical  analysis  relevant  to  the  inter¬ 
pretation  of  recent  experimental  observatums  of  Raman  and  in¬ 


frared  spectroscopy  in  C.;,..  C-u  and  alkali  metal  doped  C,;„.  The 
group  theoretical  analysis  for  the  -related  materials  makes  use 
of  two  space  groups  which  both  reduce  the  icosahedral  point 
group  symmetry  or  the  isolated  C.;,,  molecule  to  the  cubic  point 
group  f^.  The  analysis  for  C-,,  requires  going  from  high  to  lower 
symmetry  and  is  clo.sely  related  to  the  group  theoretical  analysis 
for  graphene  tubules.  The  space  group  for  the  fee  arrangement  of 
C«o  molecules  is  T/,"  and  corresponds  to  the  low  temperature  solid 
phase  of  pristine  C^.  The  bcc  arrangement  for  solid  is  con¬ 
sistent  with  the  space  group  Th'  and  is  the  symmetry'  identified 
with  the  fully  doped  alkali  metal  material.  The  experimental  Ra¬ 
man  spectra  show  line  splittings  which  are  consistent  with  a  svin- 
metry  lowering  to  T,,  symmetry  for  the  C,,,,  molecule,  How'ever.  the 
polarization  selection  rules  observed  experimentally  indicate  a 
further  lowering  of  the  symmetry',  beyond  cubic  symmetry'. 

635  FUL  Fullerenes  and  Fuller  ,ne  Derivatives:  B.  /.  Dunlap. 

Code  6179.  U.S.  Naval  Research  Laboraloiy'.  Wash¬ 
ington.  DC  20375-5000 

Using  both  empirical-potential  and  local-density-functional 
(LDF)  calculations  we  have  computed  some  properties  of  a  num¬ 
ber  of  available  and  potentially  available  fullerene  molecules  and 
their  derivatives.  One  of  the  two  most  remarkable  properties  of 
the  fullerenes  is  that  their  shell  of  carbon  atoms  is  not  easily  pen¬ 
etrated.  Large  Gaussian-basis-set  (corresponding  to  triple-zeta 
plus  polarization)  LDF  calculations  estimate  the  barrier  for  heli¬ 
um  penetration  at  10  eV.  Thus  fullerenes  have  a  w'ell-defincd  in¬ 
side  and  outside.  We  have  considered  bonding  a  single  carbon 
atom  inside  a  fullerene  and  the  quantum  mechanical  motion  of 
single  lithium,  sodium,  and  potassium  atoms  inside  various 
charge  states  of  Cp,i.  The  question  of  hydrogenating  and  fluorinat- 
ing  fullerenes  also  leads  to  an  endohedral  problem.  We  have 
found  that  is  more  stable  if  some  of  its  C-H  bonds  point  in¬ 

ward.  The  other  most  remarkable  property  of  fullerenes  is  their 
lack  of  isomerization.  We  have  computed  the  LDF  total  energies 
of  some  separated-pentagon  clo«:ed-sheIl  isomers  of  Ch  ,.  C:,,.  C-j. 
C:,*.  C'H.  Ck4.  Ct«„.  Cs4»  and  fullererie  tubules  to  gain  insight  into  the 
ver>'  high  selectivity  in  the  process  discovered  by  Kratschmer. 
HuL'man  and  coworkers.  We  have  also  computed  the  electronic 
structure  and  photoemission  spectra  of  these  molecules,  Remark¬ 
ably.  the  icosahedral  fullerenes  have  very  similar  electronic  struc¬ 
ture  and  thus  could  all  form  superconducting  fulleriles. 

636  FUL  Ellipsometrv  and  Optical  Absorption  Studies  in 

M,C«o  Thin  Films  (x  *  0.  3.  6:  M  «  K.  Rb.  Cs):  P.  C. 
Eklund,  Dept,  of  Physics  and  Astronomy  and  Center  for  Applied 
Energy  Research.  University  of  Kentucky.  Lexington,  KV  40506 

Studies  have  been  carried  out  on  M..Cmp  films  (1000-2000  A) 
grown  on  Si  (100)  and  Suprasil  substrates  and  characterized  by 
Raman  scattering.  Optical  absorption  (0.5-5. 5  eV)  has  been  stud¬ 
ied  by  ellipsometry  (x  =  0)  and  reflertion/transmission  (x  =  0.  3.  6). 
For  C,..,.  below  the  interbanri  Ihresho.d  at  1 .7  eV.  the  refraction  in¬ 
dex  is  n  =  1.96.  Four  strong  absorqjtion  band.s  arc  observed  and 
identified  with  transitions  between  narrow  (0.5-1  eV)  electron  en¬ 
ergy  bands.  Sharp  absorption  structure  is  also  observ'od  for 
which  is  insensitive  to  M.  indicating  the  absence  of  strong  chai'ge- 
Iransfer  excitations  and  weak  hybridization  between  M  and  Cn. 
orbitals.  The  structure  in  the  M^Cs,,  is  in  good  agreement  with  en¬ 
ergy  band  calculations.  Films  of  have  ju.sl  been  made,  and 
optical  studies  are  m  progre.ss,  results  of  these  investigations  are 
also  presented. 

637  FUL  Voltammelric  Studies  of  [(CsHs)3p(:Pt  (q^’-Ceo) 

and  some  (KCsHshPhML  (q  -C6o)Complexes  (M  =  Ni, 
Pd  and  Pf;  n  *  I.  2,  3  and  6):  P.  J.  Fagan,  Central  Research  and 
Development  Dept..  E.  I.  Du  Pont  de  Nemours  &  Co..  Inc..  Exper¬ 
imental  Station.  Wilmington.  DE  19880-0328.  6'.  A  Lerke  and 
D.  H.  Eran.9.  Dept,  of  Chemistry  and  BiochemLstry.  University  ot 
Delaware.  Newark,  DE  19716 

Cyclic  voltammetry  of  the  Cmi  complexes  bearing  one  metal 
fragment  reveals  a  series  of  reversible  reductions  displacing  0.2  to 
0.3  V  in  the  negative  direction  from  the  corresponding  Cnn  reduc¬ 
tions.  Complexes  w'ilh  two.  three,  and  six  metal  substituents  are 
successively  more  difficult  to  reduce.  The  reductions  are  thought 
to  be  C«„-cenlered  with  the  metal  fragments  providing  electron 
density  to  the  electron-deficient  fullerene.  hence  causing  the  ob- 
served” shift  in  polentral.  The  mono-complexes  undergo  cleavage 
of  the  metal  fragment  in  the  reduced  states  producing  the  corre¬ 
sponding  reducwl  C,,,,.  Information  about  the  kinetics  and  equilib¬ 
ria  of  these  cleavage  reactions  has  been  extracted  from  the 
voltammelric  data.  The  complexes  feature  irreversible  oxidation 
peaks  that  appear  to  be  metal-centered  The  complexes  bearing 
increasing  numbers  of  metal  fragments  are  more  easily  oxidized 
and.  for  n  =  1  and  6,  the  oxidation  potentials  become  more  posi¬ 
tive  in  the  order  Ni  <  Pd  <  Pt. 

638  FUL  Electron  and  Oxygen  Atom  Transfer  to  Cm. 

Formation  of  Oxygen  Atom  and  1.3-Dioxolane 
Adducts:  C  S.  Foote,  J.  W.  Arbogast,  M.  Kao.  Y.  Elemes.  S.  Silver- 
man.  and  C  -M  Sheu.  Dept  of  Chemistry  and  Biochemistry.  Uni¬ 
versity  of  California.  Los  Angeles.  CA  9(1024-1569 

Rates  of  one-electron  reduction  of  triplet  C^n  by  electron 
donors,  especially  amines,  were  measured  as  a  function  of  oxida¬ 
tion  potential  in  benzonitrile.  Although  no  absorption  from  Cm 
radical  anions  was  seen,  transient  spectra  from  aromaliC  amine 
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radical  cations  were  observed.  The  rate  constant  for  electron- 
transfer  quenching  as  a  function  of  oxidation  potential  of  the 
donor  follows  the  Weller  relationship,  but  the  rate  constant  for 
exothermic  reactions  is  somew’hat  lower  than  the  diffusion-con¬ 
trolled  rate  in  more  common  organic  solvents  because  of  the  high 
viscosity  of  benzonitrile.  C«,.  reacts  with  acetone  solutions  of  di- 
methvldioxirane  to  give  stable  oxidation  products.  Chromato¬ 
graphic  separation  gave  C.i„0.  which  has  the  same  symmetry  as 
other  monoadducts  "of  Cho  (17  ’  ^C  NMR  lines).  This  molecule  ap¬ 
pears  to  be  an  epoxide  rather  an  oxygen-bridged  annulene,  as 
shown  by  a  relatively  high-field  '  ‘C  NMR  peak.  The  '*C  NMR  of 
the  second  fraction  has  many  similarities  with  that  of  the  osmy- 
iated  C,„,  adduct,  and  its  mass,  infrared,  and  'H  and  “C  spectra 
show  that  it  is  a  11  dimethyldioxirane  adduct  of  C«.v  (a  1,3-diox- 
olane). 

639  FUL  Analysis  of  the  Raman  Spectra  of  and 

AgCfit,:  F.  Negri.  G.  Orlaridi  and  F.  Zerbetto,*  Dipar- 
timento  di  Chimica  ”0.  Ciamician.  Universita  di  Bologna.  40126. 
Bologna.  Italy 

The  spoctro.scopy  of  doped  fullerenes  is  presently  attracting 
considerable  interest.  Vibrationally  resolved  Raman  spectra  of  the 
.A.,Ck  .  and  A^C..,,  phases  are  now  available.  MO-SCF-CI  calcula¬ 
tions  (1)  indicate  that  the  ground  state  of  Cm,‘  is  a  quartet 
while  the  ground  state  of  is  of  singlet  A..  In  previous  work 
(2.  we  used  an  upgraded  version  of  the  QCFF/Pl  method  (4)  to 
calculate  the  vibrational  frequencies  of  neutral  C„.,.  To  investigate 
the  vibralionai  structure  of  the  Raman  spectra  of  A.iC,;,,  and  A,iC,i.,. 
we  perform  QCFF/Pl  calculations  of  the  sti*ucture.  the  vibralionai 
frequencies,  and  the  normal  mode.s  of  vibration  of  these  two  an¬ 
ions  m  the  lowest  electronic  state.  The  results  are  compared  w'ilh 
similar  calculations  for  neutral  Cm,  and  with  the  experiment. 

1 .  F  Negri,  G.  Orlandi.  and  F.  Zerbetto.  J.  Am.  Chein.  Soc..  In 
pre.ss. 

2  F  Negri.  G  tu'landi.  and  F.  Zerbetto.  Chem.  Phys.  Lett.. 
144,  ;u  (1988) 

8  V  Negri.  G  Orlandi.  and  F,  Zerbetto. ./,  Am.  Chem.  Soc., 
113.  6037  MOOD, 

4  A  Warshel  and  M  Karplus. /hid.,  94,  5612  (1972). 

640  FLT-  Photoexcitalion  and  Photodissociation  Channels  of 

K.  R.  l.ykkc.  P  War.’.  D.  H.  Parker.  M.  J.  Pellin. 
and  /)  M  Gruen.  Materials  Science/Chemistry  Div..  Argonne  Na- 
iinnal  Lab(vatory.  Argonne.  IL  60439 

The  molecule  C„  is  remarkable  both  in  its  chemical  and 
physical  properties.  Understanding  the  photophy.sical  processes 
that  occur  m  (’.  and  other  fullerenes  may  even  help  our  imsight 
into  the  photophysics  of  other  large  molecules  found  in  b  ological 
and  nanomatenals  systems  The  fullerenes  hav(‘  so  many  degrees 
t>f  freedom  that  they  can  store  large  quanliti*  s  (>  40  eV)  of  excita¬ 
tion  eni'rgy  for  extended  periods  of  time  before  undergoing  frag¬ 
mentation  or  ionization  La.ser  desorption,  followed  by  laser  ion¬ 
ization  high-n'solution  mass  spectrox*ouy.  has  been  used  to  mea¬ 
sure  direct  ionization,  fragmentation,  detection  of  neutral  frag¬ 
mentation  products,  delayed  ionization,  and  velocity  distribu¬ 
tions  A  complex  but  coherent  picture  of  the  processes  that  occur 
following  phf)io(*xcitation  anci  that  result  in  the  various  decay 
channels  is  beginning  to  emerge  This  paper  eUwidates  the  mea¬ 
surements  that  have  been  done  and  the  fascinating  photophysical 
characteristics  of  the  fullerenes  revealed  as  a  result  of  this  w'ork. 


641  Fl’F  The  Structure  and  Symmetry  of  the  Orientational 

Ordering  of  C'«o:  A  B.  Horns*  and  R.  Sachidanan- 
(inrn.  Dopi  of  Phvsics.  Universitv  of  Pennsvlvania.  Philadelphia. 
I»A  19104 

The  symmetry  of  the  onentationally  ordered  phase  of  solid 
('.  IS  discussed  The  powder  x-ray  data  of  Heiney  et  al.  show  that 
this  phase  has  cubic  symmetry.  The  allowed  cubic  space  groups 
for  oriented  icosahedra  on  an  fee  lallice  are  determined  to  be  Pa3. 
Pn3.  and  Pm3.  each  of  which  has  four  orientational  sublatlices. 
The  experimentally  determined  Pa3  structure  is  discussed  in  de¬ 
tail  ( 'nentational  i)rdrr  parameters  are  introduced  and  using 
onlv  symmetry  considerations  we  construct  a  Landau  theory’  to 
d(*scnbe  the  orientational  ordering  transition.  This  Landau  theo¬ 
ry.  which  IS  similar  to  that  used  by  .1  R.  Cullen  et  al.  to  describe 
orientational  ordering  in  solid  ortho-IL,  indicates  that  the  tramsi- 
tum  is  discontinuous  in  agreement  with  more  recent  experiments. 
The  spectrum  of  libron-phonon  excitations  out  of  the  ground 
state,  as  calculat(\i  by  Yildirim  and  Harris  based  on  recently  pro¬ 
posed  orientational  potentials  is  also  presented  and  is  shown  to  be 
quite  similar  to  that  of  isoslructural  ortho-Hj.  Experimental  im¬ 
plications  of  these  calculations  are  discussed  in  some  detail.  Fi¬ 
nally,  order  parameters  to  describe  a  possible  orientational  glass 
phase  are  presented 

642  FUL  Nuclear  Spin  Weights  and  Gas  Phase  Spectral 

Structure  of  and  ’’Cm  Buckminsterfullerene: 

W  G  Harter*  and  T.  C  Retmer.  University  of  Arkansas,  Fayette¬ 
ville.  AR  72701 

Rotational  energy  levels  and  high  resolution  rovibrational 
spectra  of  gas  phase  Buckminsterfullerene  is  strongly  affected  by 
Ine  Pauli  exclusion  principle  Very  different  rovibrational  fine 
structure  patterns  will  be  seen  for  differing  arrangements  of 
and  ’  ’C  isotopes  Only  two  extreme  cases  '^Ch„  and '  ‘C*»o  actually 


have  icosahedral  symmetry'.  Those  two  cases  will  have  relatively 
uncluttered  spectral  patterns  and  simpler  rotational  dynamics. 
Their  analysis  in  turn  will  be  a  prerequisite  to  analyses  of  rota¬ 
tional  dynamics  of  mixed  cases.  An  understanding  of  gas  phase 
rotational  dynamics  may  also  help  to  understand  dynamics  of 
icosahedral  hindered  rotors  in  the  fullerite  solids. 

643  FUL  Charge  Transfer  al  Fuiterene-Noble  Metal  Inter¬ 

faces:  J.  S.  Lannin,  Dept,  of  Physics,  Penn  State 
University,  University  Park,  PA  16801 

In  situ,  surface  enhanced  Raman  scattering  (SERS)  and  pho¬ 
toemission  of  C«„/noble  metal  interfaces  have  provided  informa¬ 
tion  on  charge  transfer  effects.  Ultrathin  films  of  Cs,,  of  less  than  1 
monolaver  thickness  were  deposited  in  ultrahigh  vacuum  on  sput¬ 
tered  polycrystalline  island  and  continuous  noble  metal  films.  The 
SERS  spectra  indicate  large  shifts  of  the  high  frequency  Ag(2) 
symmetry,  pentagonal  pinch  mode  of  C^o  increasing  in  the  series 
Au,  Cu.  and  Ag.  In  Ag  and  Cu,  UPS  difference  measurements  con¬ 
firm  that  the  shifts  are  due  to  charge  transfer  as  a  new  LUMO 
band,  derived  in  part  from  excited  states  is  found.  The  posi¬ 
tion  of  the  Fermi  energy’  indicates  the  formation  of  a  metallic  in¬ 
terfacial  state  for  Ag  and  Cu.  Limited  changes  in  the  UPS  spectra 
of  Au  suggest  that  in  addition  to  charge  transfer,  substrate  polar¬ 
ization  ^ects  are  present.  XPS  measurements  indicate  shifts  of 
the  carbon  Is  core  line  that  are  opposite  the  SERS  trend,  also  sug¬ 
gest  that  in  addition  to  charge  transfer  processes,  polarization  ef¬ 
fects  are  present.  (This  work  was  supported  by  NSF  Grant  DMR 
8922305.) 

644  FUL  Recent  Results  in  the  Synthesis  and  Characteriza¬ 

tion  of  Discrete  Derivatives  of  CboI  J.  M.  Hawkins, 
Dept,  of  Chemistry',  University  of  California.  Berkeley.  CA  94720 

Recent  results  in  the  svnlhesis  and  characterization  of  dis¬ 
crete  derivatives  of  Ck,.  are  cfescribed.  including  isometrically  pure 
2:1  adducts  of  osmium  tetroxide  with  Ckh- 

645  FUL  Molecular  Structures  of  the  Gaseous  Fullerenes 

C«o  and  C;o  from  Electron  Diffraction:  K.  Hedberg* 
and  L.  Hedberg,  Dept,  of  Chemistry,  Oregon  State  University. 
Corvallis,  OR  97331.  D.  S.  Bethune.  'C.  A.  Brown,  R.  D.  Johnson, 
and  Af.  de  Vries.  IBM  Research  Div..  Almaden  Research  Center. 
San  Jose.  CA  95120-6099 

In  our  recent  article  on  C^o  [Science.  254,  410  (1991)]  we  re¬ 
ported  the  rg  bond  lengths  from  refinements  in  which  icosahedral 
symmetry  was  assumed  and  no  account  wa.s  taken  of  the  effects  of 
molecular  vibration  on  the  interatomic  distances.  Although  we 
did  not  expect  this  omission  to  have  a  significant  effect  on  the 
bond  lengths,  we  have  now’  introduced  a  set  of  vibrational  correc¬ 
tions  and  re-refined  the  structure.  The  results  are  indeed  insiptif- 
icantly  different  from  those  previously  reported:  for  the  bonds  re¬ 
spectively  within  the  five-member  ring  and  connecting  five-mem¬ 
ber  rings,  the  new  (old)  thermal  average  bond  lengths  (VA)  with 
estimated  2<j  uncertainties  are  1.460  (6)  [1 .458  (6)1  and  1.403  (10) 
[1.401  (10)j.  We  have  also  undertaken  a  study  of  C-;i..  Results  are 
consistent  with  D-.h  symmetry.  Since  C-;.,  is  a  much  more  compli¬ 
cated  molecule  than'Q..,  (with  assumption  of  Dr.^  symmetry  C:,i 
has  12  structural  parameters  and  143  different  interatomic  dis¬ 
tances).  the  measured  lengths  of  the  individual  bonds  are  much 
less  precise.  Preliminary  values  for  the  average  bond  lengths 
{rjk)  within  and  connecting  the  five-member  rings  are  respec¬ 
tively  1.452  and  1.398  and  the  length  of  the  unique  bond  in  the 
equator  of  the  molecule  is  1.510  Details  are  reported. 

646  FUL  Orientational  Order  in  Fullerenes:  P.  A.  Heiney, 

Physics  Department  and  Laboratory  for  Research 
on  the  Structure  of  Matter.  Universitv  of  Pennsvlvania,  Philadel¬ 
phia.  PA  19104 

The  discovery  (1)  of  an  orientational  ordering  transition  in 
solid  C«u  has  attracted  experimental  and  theoretical  interest.  The 
250  K  transition  from  an  orienlationallv  disordered  fee  structure 
to  an  orientalionally  ordered  simple  cuSic  PaTstructure  (2)  is  the 
first  order,  and  is  accompanied  by  a  jump  in  the  lattice  parameter 
of  -0.044  A.  The  transition  is  aff^ted  by  details  of  sample  prepa¬ 
ration.  including  careful  removal  of  residual  solvent.  Recent  ex¬ 
perimental  and  theoretical  results  are  discussed,  and  the  ordering 
transition  in  pure  is  compared  with  those  in  C70  and  CfioO  as 
well  as  effects  seen  in  dilute  mixtures  of  alkali  metal  atoms  in  C«o- 
(This  work  was  supported  by  the  National  Science  Foundation, 
Grants  DMR89-01219  and  DMR-88-19885.  The  assistance  of  J.  E. 
Fischer,  A.  R.  McGhie,  W.  J.  Romanow,  A.  M.  Denenstein,  N. 
Coustel.  G.  B.  M.  Vaughan,  D.  E.  Cox,  J.  P.  McCauley.  Jr.,  and 
A.  B.  Smith  III,  is  gratefully  acknowledged.) 

1.  P.  A.  Heiney.  J.  E.  Fischer,  A.  R.  McGhie,  W.  J.  Romanow, 
A.  M.  Denenstein,  J.  P.  McCauley,  Jr.,  and  A.  B.  Smith  III.  Phys. 
Rev.  Lett.,  66,  2911  (1991). 

2.  R.  Sachidanandam  and  A.  B.  Harris,  ibid.,  67,  1467  (1991). 

647  FUL  Structures  of  Carbon  Cluster  Ions:  G.  von  Helden. 

P.  R.  Kemper,  and  M.  T.  Botcers,  Dept,  of  Chem¬ 
istry,  University  of  California,  Santa  Barbara,  CA  93106 

We  have  recently  developed  chromatowaphic  methods  based 
on  ion  mobilities  that  allow  separation  of  geometric  isomers  if 
they  differ  sufficiently  in  shape.  These  methods  have  been  applied 
to  carbon  cluster  ions  up  to  n  =  84.  generated  by  laser  vaporiza- 
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tion  of  graphite.  Several  families  of  isomers  have  been  detected, 
starting  with  linear  (n  <  10),  then  several  families  of  planar  ring 
systems  (n  >  7)  and  finally,  fullerenes  (n  >  30).  A  preliminary  re¬ 
port  has  been  published  (1).  We  have  also  developed  Monte  Carlo 
methods  for  calculating  mobilities  from  cluster  ion  structures  in 
the  hard  sphere  limit.  Comparison  with  experiment  allows  unam¬ 
biguous  assignment  of  the  structures  of  the  different  isomers. 
Most  recently  we  have  begun  a  series  of  semi-empirical  and  ab 
initio  calculations  on  clusters  in  the  C,,,  to  C,,,  range  for  compari¬ 
son  with  experiment.  Details  of  both  experimental  and  theoretical 
results  are  given. 

1.  G.  von  Helden,  M-T.  Hsu,  P.  R.  Kemper,  and  M.  T.  Bowers, 

J.  Chem.,  Phys.,  95,  3835  (1991). 

648  FUL  Bandgap,  Excitons  and  Coulomb  Interaction  in 

Solid  Cm:  R-  Lof,  M.  van  Veenendaal,  B.  Koopmans, 
H.  T.  Jonkman,”  and  G.  A.  Saivatzky,  Laboratory  of  Applied  and 
Solid  State  Physics,  Materials  Science  Centre,  University  of 
Groningen,  9747  AG  Groningen,  The  Netherlands. 

The  bandgap  of  solid  Cbm  is  determined  by  a  combination  of 
photoelectron  and  inverse  photoelectron  spectroscopy  and  found 
to  be  2.3  eV.  The  previous  reported  optical  absorption  at  1. 5-2.0 
eV  is  argued  to  be  of  excitonic  nature.  The  on-site  molecular  C*,, 
Coulomb  interaction  (U)  is  determined  from  a  comparison  of  the 
high  resolution  KLL  Auger  spectrum  with  the  structure  of  the 
self-convolution  of  the  valence  band  photoelectron  spectrum,  and 
found  to  be  1.5  eV.  This  value  of  U  is  shown  to  lead  to  Frenkel 
type  excitons  at  1.5-2  0  eV  as  observed  optically.  It  is  concluded 
that  because  of  the  large  value  of  the  Hubbard  U  as  compared 
with  the  bandwidth,  that  Cbm  should  be  considered  as  a  highly  cor¬ 
related  system  with  U/W  comparable  to  a  single  band  Hubbard 
model  description  of  the  high  T,  cuprates. 

649  FUL  Synthesis,  Structure  and  Superconductivity  of  Car¬ 

bon-60  Fullerides:  Z.  Iqbal,  Research  and  Technolo¬ 
gy.  Allied-Signal  Inc..  Morristown,  NJ  07962 

Alkali  and  alkaline  earth  C„„  fullerides  have  been  synthesized 
near  ambient  temperatures  bv  a  novel  solution  technique.  Raman 
.scattering  results  indicate  that  single  phase  materials  are  ob¬ 
tained  in  the  K.  Rb.  Ca.  and  Ba  systems.  The  details  of  the  struc¬ 
tures  are  being  investigated  by  x'-ray  diffraction  as  a  function  of 
annealing  of  the  as-prepared  material.  These  results  are  discussed 
in  this  paper.  Doping  in  the  ternary  K-Tl,  Rb-Tl,  and  Cs-Tl  sys¬ 
tems  have  been  investigated  using  a  temperature  gradient  unber 
hydrogen  during  synthesis.  Evidence  for  Tl-intercalation  has  been 
obtained  from  x-ray  diffraction  and  Raman  scattering  data  in  the 
K-  and  Rb-systems.  respectively.  Superconductivity  (wherever 
they  arise)  in  both  the  binary  and  ternary  systems  have  been  in¬ 
vestigated  using  susceptibility  and  low-f'ielb  microwave  absorp¬ 
tion  measurements.  These  data  are  discussed  in  some  depth.  (My 
collaborators  at  Allied  Signal  are:  Ray  Baughman,  Sanjeeva 
Murthy  and  Sandeep  Khare;  at  Arizona  State  Universitv  .tre:  B.  L. 
Ramakrishna  and  Kishay  Sinha;  at  Los  Alamos  National  Labora¬ 
tory  IS  E.  W.  Ong;  at  the  Royal  Institute  of  Technology.  Stockholm 
IS  K,  V'.  Rao  and  at  Morris  Research  are:  Hans  Borneman  and  Don 
Morris.) 

650  FUL  Carbon  Nanotubes:  S.  lijima.  NEC  Corp.,  Funda¬ 

mental  Research  Laboratories,  34  Miyukigaoka 
Tsukuba.  Ibaraki  305.  Japan 

A  novel  form  of  low-dimensional  graphitic  carbon  needles, 
produced  in  an  arc  discharge  evaporation  method,  is  examined  by 
means  of  electron  optical  methods  Typical  needles  are  only  a  few 
nanometers  in  diameter,  and  consist  of  a  few  layers  of  graphitic 
carbon  sheets,  tubules  centered  coaxially  about  needles  axes,  and 
hollow  inside  The  smallest  needle  was  made  up  of  just  only  two 
graphitic  tubules  On  each  graphitic  tubule  the  carbon  atom 
hexagons  are  arranged  in  a  helical  fashion  about  the  needle  axis. 
The  helix  pitch  varies  from  needle  to  needle  and  from  tubule  to 
tubule  in  a  single  needle  The  helical  structure  seems  to  aid  at  the 
growth  of  the  carbon  needles.  The  needles  are  far  from  conven¬ 
tional  macroscopic  crystals  in  many  aspects  such  as  one-dimen- 
sional  solid,  tubular  morphology,  and  helical  structure  of  carbon 
hexagon  Growth  of  needles  and  their  electronic  properties  are 
also  discussed 

651  FUL  Solvent,  Supporting  Electrolyte  and  Temperature 

Effects  on  the  Electroreductions  of  Buckminster- 
fullerene  (C,,)  in  Aprotic  Media:  K.  M.  Kadish,  •  D.  Dubois,  G. 
Moninot,  W.  Kutner,  M  T.  Jones,  Dept,  of  Chemistry.  University 
of  Houston,  Houston,  TX  77204-5641 

The  electroreductions  of  Buckminsterfullerene  (Cbm)  in  aprot¬ 
ic  solvents  were  examined  by  voltammetry  as  a  function  of  the 
solvent,  supporting  electrolyte  and  temperature.  The  reversible 
half-wave  potentials.  E,,;,  for  the  first  three  reductions  were  cor¬ 
related  to  the  acceptor  and  donor  properties  of  the  solvents  as 
well  as  to  their  Dimroth-Reichardt  parameter.  While  the  inorgan¬ 
ic  anions  of  the  supporting  electrolyte  do  not  significantly  affect 
the  E, ,  values,  the  cations  of  the  supporting  efctrolyte  do  to  a 
large  extent.  The  magnitudes  of  the  solvent  and  supporting  elec¬ 
trolyte  effects  also  differ  for  the  various  redox  processes  of  C«,. 
The  observed  shifts  in  E,,,  are  rationalized  in  terms  of  the  follow¬ 
ing:  (i)  charge  density  of  the  fulleride  anions,  (ii)  solvophobic  ef¬ 
fects  involving  neutral  Cbo  (aggregation),  (iii)  solvophobic  type  in¬ 
teractions  involving  the  C,„  anions  and  the  larger  cations  of  the 


supporting  electrolyte  in  polar  solvents,  (iu)  ion  pairing  of  the  Cbm 
anions  with  smaller  cations  in  non-polai  solvents,  and  (v)  the  ac¬ 
ceptor  and  donor  properties  of  the  solvents.  Studies  of  £, ;  values 
as  a  function  of  temperature  indicate  unusually  large  change  of 
entropy  accompanying  each  reduction  step.  Diffusion  coefficients 
and  apparent  solvation  number  of  neutral  Cbm  in  different  systems 
were  also  determined  and  accounted  for  by  the  solvophobic  effect. 

652  FUL  Electron  Spin  Resonance  Characterization  of 
Singly,  Doubly,  and  Triply  Reduced  Buckminster¬ 
fullerene,  Cm,  in  Aprotic  Media:  Af.  T.  Jones,'  D  Dubois,  and 

K.  M.  Kadish,  Dept,  of  Chemistry,  Universitv  of  Houston,  Hous¬ 
ton,  TX  77204-5641 

The  results  of  ESR  studies  on  several  anion  radicals  of  Buck¬ 
minsterfullerene,  Cbm  "  (n  =  1,  2,  and  3),  in  the  solvents  benzoni- 
trile,  dichloromethane,  pyridine,  and  tetrahydrofuran  are  report¬ 
ed  and  discussed.  The  samples  are  prepared  by  electrochemical 
reduction  techniques  which  allow  the  preparation  of  samples 
which  contain,  quantitatively  and  selectively,  the  desired  anionic 
species.  The  results  of  ESR  spectral  studies  on  the  anions  in 
frozen  solutions  as  a  function  of  temperature  are  presented.  The 
ESR  lineshapes  and  linewidths  are  dependent  upon  the  solvent 
and  the  temperature  whereas  the  g-values  are  only  weakly-de¬ 
pendent  upon  the  temperature.  The  Cbm  p-value  averages  1.998 
over  the  four  solvents  and  over  the  temperature  range  used.  The 
resonances  of  Cbm’  are  centered  at  about  2.00  and  indicate  a 
triplet  ground  state  with  an  average  separation  of  12.6  A  between 
the  two  unpaired  electrons.  The  Cbm  '  resonance  has  a  p-value  clos¬ 
er  to  that  of  the  free  electron  and  exhibits  features  similar  to  the 
monoanion,  suggesting  a  spin  of  1/2.  The  results  obtained  from 
this  study  are  presented  and  discussed  in  terms  of  the  unique 
physical  structure  and  properties  of  Cbm,  the  lifting  of  the  initial 
orbital  degeneracy  of  the  T,„  LUMO  of  Cbm  and  the  thermally  ac¬ 
cessible  excited  states  of  the  Cb.,”  anions. 


653  FUL  Intercalation  of  Amine  Functionalized  Csg  in  Mica- 

Type  Silicates:  V.  Mehrotra  and  E.  P.  Giannelis,' 
Dept  of  Materials  Science  and  Engineering,  Cornell  University. 
Ithaca.  NY  14853,  R.  F.  Ziolo,  Xerox  Webster  Research  Center. 
Webster,  NY  14580 

The  recent  discovery  of  molecular  clusters  of  carbon  has 
prompted  a  wide  range  of  theoretical  and  experimental  studies 
regarding  their  physical  and  chemical  properties.  None  of  these 
studies,  however,  has  been  concerned  with  the  intercalation  of 
these  molecular  clusters  in  a  suitable  host  matrix  and  the  proper¬ 
ties  of  the  resulting  intercalate.  In  this  paper,  we  report  the  syn¬ 
thesis  and  properties  of  ethylenediamine-functionalized  C«u. 
|CB,.(en)«).  intercalated  fluorohectorite,  a  synthetic  mica-type  sili¬ 
cate.  X-ray  diffraction  and  spectroscopic  measurements  show 
that  intercalation  leaves  the  Cbm  cluster  intact  and  that  the  host 
galleries  are  occupied  by  a  monolayer  of  guest  molecules.  The  in¬ 
tercalated  C8i,(cn)B  clusters  exhibit  a  higher  thermal  stability  com¬ 
pared  to  pristine  CsolenlB  and  Cb„  with  no  evidence  for  reaction 
with  the  silicate  host  The  thermal  and  electrical  properties  of  the 
intercalates  after  elimination  of  the  en  ligands  at  intermediate 
temperatures  are  presented  and  contrasted  to  those  of  amorphous 
and  graphitic  carbon  layers  obtained  through  pyrolysis  of  interca¬ 
lated  organic  molecules  or  polymers. 

654  FUL  Theoretical  Studies  of  the  Structure,  Properties. 

and  Dynamics  of  Fullerene.  Crystals  and  Supercon¬ 
ductors:  W.  A.  Goddard  III,'  Y.  Guo,  G.  Chen,  and  N.  Karasawa, 
Materials  Simulation  Center— Beckman  Institute  (139-74),  Cali¬ 
fornia  Institute  of  Technology,  Pasadena.  CA  91125 

We  have  developed  a  force  field  for  Buckyball  molecules  and 
for  alkali  doped  fullerenes  and  have  applied  this  force  field  to:  (i) 
predictions  of  crystal  structures  for  Cbm  and  C70  as  a  function  of 
temperature  and  pressure;  (ii)  predictions  of  crystal  structures  of 
M,Cbi,  for  M  =  Li,  Na.  K,  Rb,  Cs  and  j  =  1,  2.  3,  4"  6.  8  and;  (iii)  pre¬ 
dictions  of  the  vibrational  frequencies  for  finite  molecules  (Cbo. 
Ct„.  C7S  etc.)  and  of  the  phonons  for  the  crystal.  For  KiCb,,  we  used 
the  calculated  phonon  spectrum  and  electronic  band  structure  to 
predict  from  first  principles  the  superconducting  properties  of 
k,C,n  (assuming  B(JS  theory).  The  predicted  T^  is  within  40%  of 
the  observed  value,  providing  strong  support  for  the  BCS  descrip¬ 
tion  of  these  systems. 

655  FUL  Studies  Belated  to  Extraction  and  Separation  of 

Fullerenes:  R.  S.  Ruoff,  R.  Malhotra,  and  D.  Lorents, 
SRI-lntemational,  Menlo  Park,  CA  94025 

A  new  technique  for  large  scale  separation  of  Cb,,.  C70,  and 
also  for  subsequent  separation  of  the  larger  fullerenes,  is  dis¬ 
cussed.  Thermodynamic  parameters,  deriv^  from  solubility  data 
and  sorption  microcalorimetry  data  of  Cb,,  in  solvents  typically 
employM  in  extraction  and  separation,  and  of  C®,  in  solid/solvent 
mixtures  similar  to  those  employed  as  stationary  phase/eluent  in 
chromatographic  separations,  are  presented. 

656  FUL  ESR  Studies  of  the  Reaction  of  Alkyl  Radicals 

with  Cm:  P-  J-  Krusic'  and  E.  Wasserman,  Central 
Research  and  Development,  E.  1.  du  Pont  de  Nemours  &  Co., 
Wilmington,  DE  19880-0328,  J.  R.  Morton  and  K.  F.  Preston, 
Steacie  Institute  for  Molecular  Sciences,  National  Research  Coun¬ 
cil  of  Canada,  Ottawa,  Ont.,  Canada  KIA  OR9 
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Photochemically  and  thermally  generated  organic  radials  add 
rapidly  to  Ca  to  afford  radical  and  nonradical  adducts  R„Cim-  For 
example,  mass  spectrometric  analyses  show  the  formation  of 
(CHilnCe,,  with  n  =  1  to  at  least  36  and  of  (C6H,iCH:.)„C«„  with  n  =  I 
to  at  least  15.  This  paper  focuses  on  the  information  that  can  be 
extracted  from  electron  spin  resonance  experiments  concerning 
the  radical  adducts  R„Ce„  with  n  =  1,  3  and  5.  Proton  and  '^C  hy- 
perfine  interactions  indicate  that  in  the  initial  radical  adducts 
RCbi,’  (R  =  tert-butyl,  1-adamantyl,  isopropyl,  ethyl,  trichloro- 
methyl,  benzyl,  etc.)  the  unpaired  electron  is  mostly  confined  to 
two  fused  six-membered  rings  on  the  surface  of  Cs„  having  the 
substituent  R  at  one  of  the  points  of  fusion.  Each  half  of  the  re¬ 
sulting  radical  structure  of  C.  symmetry  can  be  compared  with  a 
cvclohexadienyl  radical.  Extensive  delocalization  of  the  unpaired 
electron  over  the  Cb„  sphere  is  ruled  out.  The  radical  adducts  with 
n  =  3  and  5  and  R  =  benzyl  also  have  the  unpaired  electron  highly 
localized  on  the  C*„  sphere  and  are  exceptionally  persistent.  ''C 
labeling  of  the  entering  radical  in  the  benzylic  position  shows  that 
in  (CsHjCHjliCsu*  the  unpaired  electron  is  delocalized  in  an  allylic 
fashion  over  three  carbons  of  a  five-mcmbered  ring  of  the  Cbo 
sphere.  Similar  studies  indicate  that  in  (CsHsCH^lsCsn"  the  un¬ 
paired  electron  is  shared  equally  by  the  carbons  of  a  surface  five- 
membered  ring  in  a  cyclopentadienyl  fashion.  The  formation  of 
species  with  two  unpaired  electrons  is  also  discussed. 


637  FL'L  Radial  Vibrations  of  an  Ion  Inside  Icosahedral  Ccoi 
J  L.  Ballester  and  B  I.  Dunlap.  Dept,  of  Physics. 
Emporia  State  University,  Emporia,  KS  66801 

The  veiy  high  symmetry  of  icosahedral  Cbo  suggests  that  as  a 
first  approximation  an  atom  trapped  inside  Cs.,  would  feel  a  po¬ 
tential  that  is  radially  symmetric  about  the  center.  All-electron 
local-density-functional'lLDF)  calculations  of  the  total  energy  of 
a  sodium  ion  as  a  function  of  radial  displacement  from  the  center 
along  the  fivefold  axis  of  Cb,,  serve  to  refine  such  a  radial  poten¬ 
tial.  In  particular,  the  calculations  suggest  studying  potentials 
that  have  minima  displaced  from  the  center.  A  novel  analytic 
functional  form  for  a  radial  potential  having  a  positive  cusp  at  the 
origin  is  proposed  and  the  s-wave  radial  solutions  of  the  corre¬ 
sponding  Schrodinger  equation  are  examined.  The  extension  to 
nonzero  rotational  quantum  numbers  is  also  considered. 


638  FUL  Organometallic  Chemistry  of  Fullerenes  in  the  Gas 
Phase  by  FTMS:  Y.  Huang."  Q.  Jiao.  S.  A.  Lee,  and 
H.  S.  Freixer.  Dept  of  Chemistry,  Purdue  University,  West 
l,afaYelte.  IN  47907 

The  chemistry  of  fullerenc-C«„  and  -C:„  with  tramsition  metal 
inns  in  the  gas  phase  was  studied  by  FTMS  technique,  Fullerene 
samples  heated  off  a  solids  probe  react  with  a  variety  of  transition 
metal  inns  via  condensation  to  give  MCb,,'  and  MC:„',  Alternative¬ 
ly  both  Cb„  and  C-,,  can  react  with  a  ML'  species  (L  =  an  alkcnc  li¬ 
gand)  via  di.splacement  to  give  MCe,.'  and  MCb,,'.  Isolation  and 
subsequent  fragmentation  of  these  MC«,r  species  by  collision-in¬ 
duced  dissociation  give  either  M'  or  C„„'  or  a  combination  of  both 
depending  on  the  relative  IPs  of  M  and  Cb,,  Such  a  fragmentation 
pattern  is  distinctly  different  from  those  of  endohedral  M@Cb„' 
ions  The  extended  reaction  of  NiC*,,'  with  Cb„  gives  NilCs,,)-'.  the 
first  example  of  perhaps  a  whole  new  series  of  dumbbell  complex¬ 
es  C,u,  undergoes  facile  reactions  with  FE(CO),  to  form  a  variety 
of  Fe.  C,  ,(C01„.  species.  Electronic  consideration  suggests  that  Cbi, 
acts  as  a  two-electron  donor  in  these  species.  C-.,'  reacts  similarly 
with  Fe(CO)  Interestingly  both  Cs,.  and  Ct„  show  dramatically 
higher  reactivity  with  Fe(CO) ,  than  their  neighboring  C,,'  cluster 
ions. 


639  FUL  Solubilization  of  Buckminsterfullerene,  C,o.  in 
Water  and  Some  Polar  Organic  Solvents  by  Cy¬ 
clodextrin  Inclu.sion  Chemistry:  W  Kutner,"  P  Boulas,  and  K.  M. 
Kadi.xh.  Dept  of  Chemistry.  University  of  Houston.  Houston,  TX 
772n4-.5641 

Highly  hydrophobic  buckminsterfullerene,  Cb„.  is  virtually 
in.soluble  in  most  polar  solvents,  but  is  shown  to  solubilize  in  wa¬ 
ter  as  well  as  in  1:1  (v/v)  aqueous  methanolic.  1:1  (v/v)  aqueous 
ethanolic,  DMF  or  DMSO  solutions  by  forming  inclusion  com¬ 
plexes  with  cyclodextrins  (CDs).  The  internal  diameter  of  the  a-, 
p,  and  y-CD  cavities  is  5  3,  6.5,  and  8.3  A,  respectively,  white  that 
of  the  Cb.i  molecules  is  10-11  A.  This  suggests  that  only  a  slight 
penetration  of  C«„  into  the  CD  cavities  is  possible.  Surprisingly, 
however,  the  a-.  (J-  and  y-isomers  of  CD  all  reveal  good  host  prop¬ 
erties.  UV-vis  spectroscopy  of  Cm,  in  each  of  the  above  solvent  sys¬ 
tems  indicates  that  a  solubilization  of  C«.,  in  by  CD  inclusion  does 
not  significantly  affect  its  electronic  properties.  Only  slight  band 
shifts  and  changes  in  the  relative  heights  of  the  three  intense  UV 
bands  of  Cm,  are  observed  as  compart  to  those  of  Cm  in  aprotic 
solvents  not  containing  CDs.  Measurements  of  the  UV  spectra  at 
different  CD/Cb,.  mole  ratios  allows  one  to  derive  the  binding 
isotherm  for  each  inclusion  system  and  also  determine  the  inclu¬ 
sion  complex  stoichiometry  and  stability  constant.  Cyclic  and  dif¬ 
ferential  pulse  voltammograms  of  C,„  in  DMF  or  dM^  solutions 
containing  CDs  resemble  those  reported  in  pyridine  or  benzoni- 
Irile  in  the  absence  of  CDs.  However,  the  data  in  aqueous  and 
mixed  aqueous/alcoholic  solutions  of  CDs  suggest  that  electron* 
duced  Cm,  chemically  reacts  with  the  solvent 


660  FUL  Excited  State  Behavior  of  Fullerenes  (Cu  and  C^,) 

and  Their  Reduction  in  Colloidal  Semiconductor 
Suspensions:  P.  V.  Kamat  and  N.  M.  Dimitrijevic,  Radiation  Lab¬ 
oratory,  University  of  Notre  Dame,  Notre  Dame,  IN  46556 

Triplet  excited  state  properties  and  charge  transfer  processes 
of  fullerenes  In  benzene  have  been  investigate  by  laser  flash  pho¬ 
tolysis  and  pulse  radiolysis  techniques.  Apart  from  the  previously- 
reported  absorption  in  the  visible,  the  triplet  excited  states  of 
both  Cbb  and  C70  exhibit  interesting  spectral  features  in  the  UV  re¬ 
gion.  Self  quenching  processes  such  as,  the  ground  state  quench¬ 
ing  (2  X  10‘  M  's-'  for  ’Cwi*  and  6  x  10“  M  's  '  for  “C71,*)  and  triplet- 
triplet  annihilation  (2k  =  1.8  x  10*  M  's  '  for  'Cbo*  and  2k  =  2  x  10“ 
M  ‘s  '  for  ''C70*)  were  responsible  for  the  rapid  deactivation  of  the 
triplet  excited  state.  Photo-induced  charge  transfer  between  ZnO 
colloids  and  fullerenes  has  been  achieved  with  optical  excitation 
of  the  semiconductor.  The  reduced  fullerenes  exhibit  absorption 
characteristics  that  are  quite  different  from  tine  photogenerated 
triplet  excited  state.  The  efficiency  of  fullerene  reduction  in¬ 
creased  with  increasing  concentration  of  ZnO  colloid.  At  very- 
high  ZnO  concentrations,  the  availability  of  the  carbon  cluster  at 
the  ZnO  surface  was  a  limiting  factor  in  controlling  the  efficieney- 
of  reduction.  Mechanistic  and  kinetic  details  of  interfacial  charge 
transfer  between  the  carbon  cluster  (0*,,  and  C71,)  and  colloidal 
semiconductor  are  presented.  (The  research  described  herein  is 
supported  by  the  Office  of  the  Basic  Energy  Sciences  of  the  U  S. 
Department  of  Energy.) 

661  FUL  Fluorinated  Buckminsterfullerenes:  K.  Kniaz.  J.  E. 

Fischer,  J.  P.  McCauley,  and  A.  B.  Smith  HI,  Dept, 
of  Chemistry,  University  of  Pennsylvania,  Philadelphia.  PA 
19104-6323,  H.  Selig,  Dept,  of  Inorganic  Chemistry,  Hebrew  Uni¬ 
versity,  Jerusalem,  Israel 

Fluorination  experiments  have  been  done  on  samples  of  pure 
buckminsterfullerenes  Cm  and  C71,.  Fluorinations  have  been  con¬ 
ducted  at  different  temperatures  and  under  wide  range  of  fluorine 
pressures.  In  the  analysis  of  the  reaction  products  we  utilized  x- 
ray  diffraction,  TGA,  '*F  NMR,  UV-vis,  IR  and  mass  spectros¬ 
copies.  Mass  spectroscopy  revealed  many  fluorinated  fullerenes  in 
the  reaction  products  with  the  most  prominent  peaks  ranging 
from  CbbFm  to  C«,Fbs  for  Cbo  and  from  C7oF«  to  C7(sF5b  for  C70.  The 
owder  x-ray  diffraction  of  the  reaction  products  exhibited  a  few- 
road  peaks  consistent  with  the  fee  lattice  with  a  lattice  parame¬ 
ter  a  =  17.1  A  (CboF.)  and  a  =  17.9  A  (CboF,).  The  absence  of  high- 
Q  peaks  suggests  a  high  degree  of  orientational  disorder  due  to 
the  large  number  of  different  molecules  in  the  investigated  sam¬ 
ples.  IR  spectroscopy-  of  the  reaction  products  revealed  a  broad 
peak  at  1165  cm  '.  The  lubricating  properties  of  thin  films  of  fluo- 
rofullerenes  cast  on  silicon  wafers  have  been  investigated  by 
means  of  ellipsomctry.  The  contact  angles  between  water  and 
fluorofullerene  films  were  almost  as  high  as  those  between  water 
and  Teflon.  (This  work  was  supported  by  NSF  Grants  DMR  88- 
19883  and  DMR  89-01219.) 

662  FUL  Isomerism  and  Chirality  in  Bis-Metal  Derivatives 

of  Fullerene  Cn  Ligated  in  q-6,  q-3,  q-2  Fashion: 

V.  I.  Sokolov,  Institute  of  Organo-Element  Compounds.  Academy- 
of  Sciences.  117813  Moscow,  Russia 

Fullerene  0„,,  a  totally  unsaturated  spheroidal  molecule,  has 
to  form  exohedral  complexes  with  metals  wherein  it  may.  in  prin¬ 
ciple,  act  as  q-6,  q-5.  q-4.  r|-3.  or  r|-2  ligand.  The  last  structural 
type  is  represented  by  the  known  platinum  or  osm,ylated  deriva¬ 
tives  whereas  hexahapto-  and  pentahapto-metal  complexes  (not 
yet  reported)  should  be  analogous  to  benchrotrene  and  cy- 
mantrene  or  ferrocene,  correspondingly.  Symmetry  analysis  of  bi¬ 
nary  relationships  for  both  5-  and  6-polygonal  faces  (submitted) 
has  demonstrated  that  chiral  combinations  include  pairs  of  non- 
fused  6-faces  only.  All  pairs  involving  at  least  one  5-face  are  chi¬ 
ral.  This  suggests  that  fullerenes,  double  x-metal  complexed  on  6- 
faces,  for  example,  bis(tricarbonychromium)  fullerene,  will  be 
chiral  and  resolvable  into  enantiomers.  Their  racemization  via  the 
n-6  «->  q-5  haptotropic  process  is  predicted.  Metal  derivatives  of 
this  type  can  ^ve  rise,  in  a  controlled  thermal  process,  to  materi¬ 
als  C,.iM„  of  superconducting  family.  Binaiy  relationships  be¬ 
tween  edges  reflect  isomerism  in  bis-q  -2  derivatives  le  g.,  osmy- 
lated  Cb,,).  There  are  8  different  combinations  with  statistical 
weights  4:4:4:4:4:4:4:1.  The  latter  applies  to  the  most  remote  edges 
separated  by  the  shortest  pathway  of  8  steps.  The  pairs  of  edges 
separated  by  odd  numbers  of  steps,  except  1,  namely,  3.  5,  or  7, 
are  chiral,  in  this  analysis  only  the  edges  between  two  6-faces 
have  been  considered  b^ause  they  exhibited  a  higher  reactivity, 
at  least  in  the  camylation, 

663  FUL  Chemical  Oxidation  of  Buckminsterfullerene  (Cn): 

D.  L,  Stalling,  C.  Gao,  K.  Kuo,  and  K.  Kelly,  ABC 
Laboratories,  Inc.,  Columbia,  MO  65205 

Two  products  were  obtained  and  preliminarily  characterized 
when  cis-Bis(acetonitrile)chloronitro-palladium  (II)  (Andrews 
et  al.)  was  us^  as  a  C«„  oxidation  catalyst.  Reaction  products 
were  monitored  by  UV-liquid  chromatography  using  a  newly  de¬ 
veloped,  high  performance  ^1  permeation  chromatography  col- 
umn-Envirosep-ABC""  (ABC  Laboratories,  Inc.).  This  column 
readily  separates  Cm,  from  C7,,.  The  two  buckminsterfullerenes 
elute  later  than  reactions  products.  Solvent  and  presence  or  ab¬ 
sence  of  oxygen  influence  products  of  this  reaction.  When  toluene 
was  the  solvent,  in  the  presence  of  dry  air,  two  reaction  products 
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formed  which  eluted  at  3.3  and  6.6  min.  The  product  eluting  at 
6.6  min  first  was  detected  after  20  h,  and  the  component  eluting  at 
3.3  min  was  detected  after  72  h.  A  decrease  in  Ceo  concentration 
correlated  with  increased  amounts  of  reaction  products.  Most  of 
the  Cm  and  6.6  min  product  were  depleted  after  90  h;  after  266  h 
of  reaction,  only  the  3.3  min  product  remained.  The  amount  of  6.6 
min  product  was  increased  by  using  a  solvent  system  of  15% 
methylene  chloride  in  toluene  (v/v).  In  the  absence  of  air  (argon 
atmosphere),  only  product  eluting  at  3.3  min  was  observed.  Sol¬ 
vent  selection  is  important  for  this  reaction,  perhaps  due  to  dif¬ 
ferent  solubilities  of  the  catalyst.  Cm'  and  C70.  No  reaction  oc¬ 
curred  in  1,1,1-trichloroethane  or  t-butyl  methyl  ether.  With 
methylene  chloride  as  solvent,  a  black,  insoluble  solid  product 
was  obtained.  The  UV  spectrum  of  the  product  eluting  at  6.6  min 
is  very  similar  to  that  of  C«o,  suggesting  that  this  product  has  a 
similar  electronic  structure,  with  two  absorntion  bands  between 
240-350  nM;  however,  alpha-max  was  shifted  to  shorter  wave 
lengths.  The  UV  spectrum  of  the  3.3  min  product  exhibits  one 
broad  absorption  band  from  220-400  nM  {alpha-max  =  235  nM) 
suggesting  more  structural  modification  occurred.  Small  amounts 
of  the  two  compounds  isolated  from  the  GPC  column  were  exam¬ 
ined  by  negative  ion  FAB-MS  and  '”C-NMR.  Formulas  of  CmNO« 
and  CsoNjOe  are  suggested  for  the  major  constituents  in  the  6.6 
and  3.3  min  peaks,  respectively,  and  the  ''C-NMR  support  these 
MS  results.  Multiple  chemical  shift  signals  were  observed  be¬ 
tween  22-69  and  130-148  ppm  for  the  6.6  min.  constituent,  indi¬ 
cating  opening  of  double  bonds  the  presence  of  double  bonds  oth¬ 
er  than  those  of  Cm.  Chemical  shifts  for  the  3.3  min  constituent 
were  observed  at  13-45  and  128-148  ppm. 

664  FUL  MNDO  Study  of  Silicon-Substituted  Buckminster- 

fuilerene;  X.  Xia,*  Dept  of  Chemistry,  State  Uni¬ 
versity  of  New  York  at  Buffalo,  Buffalo,  NY  14214,  j.  R-  Bowser 
and  D.  A.  Jelski,  Dept,  of  Chemistry,  State  University  of  New 
York,  College  at  Fredonia,  Fredonia,  NY  14063,  T.  F.  George. 
Dept,  of  Chemistiy  and  Physics,  Washington  State  University, 
Pullman,  WA  99164-1046,  J  Gao,  Dept,  of  Chemistry,  State  Uni¬ 
versity  of  New  York  at  Buffalo,  Buffalo,  NY  14214 

The  sequential  substitution  of  silicon  atoms  into  the  buck- 
minsterfullerene  cage  to  produce  species  conforming  to  the  for¬ 
mula  (@Cs„„Si„)  is  studied  using  MNDO.  For  large  n,  the  fuilerene 
structure  becomes  unstable,  resulting  in  the  collapse  of  the  cage  to 
form  three-dimensional  networks  held  together  by  Si-C  o-bonds 

(1) .  For  small  n.  the  cage  is  structurally  stable,  and  it  is  expected 
that  these  systems  will  have  useful  properties.  For  example, 
(@C.,Sij)  might  provide  an  avenue  for  incorporating  fuilerene 
cages  into  polymer  backbones.  Secondly,  the  electronic  properties 
of  Si-fullerenes  may  prove  useful.  Of  social  interest  is  (©CiaSiu), 
an  analog  of  the  (©Ci.B.tN.,)  cluster  described  in  an  earlier  study 

(2)  A  synthetic  route  to  the  former  from  silacyclopentadiene  is 
suggested.  (This  work  was  funded  by:  ACS-PRF,  Research  Corpo¬ 
ration.  NSF,  and  ONR ) 

1  Many  such  species  are  described  in  G  Fritz  and  E.  Matem, 

■  Carbosilanes."  Springer- Verlag,  Berlin  (1986). 

2  J  R.  Bowser.  D.  A  Jelski.  and  T.  F  George,  Inorq  Chem., 
31.154  (1992). 

665  IX'L  A  Systematic  Study  of  Structures  and  Stabilities 

for  Fullerenes:  B.  L  Zhang,  C.  Z.  Wang,  K.  M.  Ho. 
C.  //.  Xu,  and  C.  T.  Chan.  Ames  Laboratory-USDOE,  Dept,  of 
Physics.  Iowa  State  University,  Ames.  lA  5001 1 

Combining  a  very  efficient  cage  network  generation  scheme 
with  an  accurate  right-binding  potential,  we  studied  every  even- 
numbered  fuilerene  from  C..„  to  C,,.  We  found  that  all  the  ground- 
state  structures  (except  C;,.)  consist  of  five  and  six-memhwr  rings 
only  Unlike  C,„.  most  fullerenes  prefer  structures  with  low  sym¬ 
metry  Some  of  the  fullerenes  have  several  isomers  very  close  in 
ener^-,  and  they  are  expected  to  coexist  in  the  synthesis.  We  also 
calculated  the  fragmentation  energies  in  the  process  of  C-  loss  and 
the  HOMO-LUMO  enerj^  separations  Cm,  C^„,  and  Cm  are  found 
to  be  superstable  if  both  fragmentation  and  chemical  reaction  sta¬ 
bilities  are  considered  (Ames  Laboratory  is  operated  for  USDOE 
by  Iowa  State  University  under  Contract  No.  W-74fl5-Eng-82.) 


666  FUI.  Nonlinear  Optical  Second-Order  Harmonic  Genera¬ 

tion  and  Suppression  in  Ch  Thin  Films:  X.  K.  Wang, 
T  G  Zhang.  W.  P  Lin.  Z  Y  Xu.  S.  Liu,  M  M.  Kappes,  G.  K. 
Wong.  J.  B  Ketterson,  and  R.  P.  H.  Chang.  Materials  Research 
Center,  Northwestern  University,  Evanston,  IL  60208 

.Second  harmonic  generation  and  suppression  measurements 
were  performed  with  a  Nd:YAG  laser  and  an  optical  parametric 
amplifier  It  was  observed  that  Cm  thin  film  in  a  corona  poling 
field  of  5.5  kV  at  a  nominal  temperature  of  140°C  exhibited  a 
large  second-order  susceptibility  =  2.2  x  10  "  esu,  which  is 
about  15  times  the  value  of  quartz.  When  the  film  is  simulta¬ 
neously  illuminated  with  a  second  light  source,  including  both 
pulsed  and  static  illumination,  the  large  second  harmonic  re¬ 
sponse  of  Cm  films  was  almost  completely  suppressed.  The  re¬ 
sponse  time  of  the  suppression  is  about  250  ps.  These  nonlinear 
optical  properties  may  make  fuilerene  materials  very  important  in 
a  new  generation  of  optical  computers. 

667  FUL  Vapor  Pressure  and  Thermal  Oxidation  of  C«  and 

C7,:  M.  Balooch'  and  W,  J.  Siekhaus,  Lawrence  Liv¬ 


ermore  National  Laboratory,  Livermore,  CA  94551,  J.  Abrefah 
and  D.  R.  Olander,  University  of  California,  Berkeley,  CA  94720 
The  vapor  pressure  and  thermal  oxidation  of  the  fullerenes 
Cm  and  C70  nave  been  measured  over  the  temperature  range  400- 
600°C  by  a  thermogravimetric  technique.  The  heats  of  sublima¬ 
tion  of  38  and  45  kcal/mol  are  obtained  for  Cm  and  C711,  respec¬ 
tively.  The  vapor  pressure  of  Cm  ranges  from  1.8  x  10’^  and  1.4  x 
10  "  Torr  and  that  of  C71,  is  between  1.4  x  10  ’  and  8.7  x  10  ’  Ton- 
over  the  temperature  range  investigated.  The  entropy  of  vaporiza¬ 
tion  of  Cm  obeys  Trouton’  rule.  The  reaction  of  oxygen  with 
fullerenes  proceeds  in  two  different  steps.  One  of  them  involves 
adsorption  of  oxygen  by  the  fullerenes.  If  uninterrupted  by  the 
second  step,  the  oxygen  uptake  reaches  a  saturation  value.  The 
maximum  amount  of  oxygen  uptake  increases  with  decreasing 
temperature.  The  second  step  is  the  sustained  burning  of  the 
fullerenes  at  a  constant  rate.  That  rate  is  almost  independent  of 
temperature  and  the  amount  of  fullerenes. 

668  FUL  Simultaneous  Electrochemical  Quartz  Ciystal 

Microhalance  and  Cyclic  Voltammetry  Stuiw  of 
Electrodeposition,  Dopii^  with  Countercations  and  Electromsso- 
lution  of  Films  of  BuckminsterfuUerene,  Cu.  and  Its  Anions  in  Po¬ 
lar  Aprotic  Solvents:  W.  Koh,  D.  Dubois,  W.  Kutner,  M.  T.  Jones, 
and  K.  M.  Kadish,  Dept,  of  Chemistry,  University  of  Houston, 
Houston,  Texas  77204-5641 

A  simple  and  efficient  method  was  developed  for  preparation 
of  insoluble  thin  films  of  Cm,  and  salts  of  Cm  and  Cm".  The 
method  consists  of  first  bulk  electroreducing  a  fine  suspension  of 
solid  Cm  in  acetonitrile  solutions  under  a  controlled  potential 
which  is  sufficiently  negative  to  generate  a  soluble  Cm"  anion,  fol¬ 
lowed  by  electro-oxidative  deposition  of  a  film  on  the  surface  of  a 
gold/quartz  crystal  working  electrode.  The  properties  of  the  elec- 
trodeposited  films  were  examined  by  simultaneous  cyclic  voltam¬ 
metry  and  electrochemical  quartz  ciystal  microbalance  (EQCM) 
experiments  which  enabled  determination  of  stoichiometry  and 
film  thickness.  The  Cm  film  is  easily  doped  with  different  counter¬ 
cations  upon  electroreduction,  leading  to  the  salts  of  fulleride 
mono-  and  dianions.  The  method  of  him  preparation  can  also  be 
extended  to  other  solvents  in  which  neutral  C«,  is  insoluble.  The 
cyclic  voltammetry  and  EQCM  behavior  of  the  him  is  largely  de¬ 
pendent  on  the  nature  of  the  solvent  and  supporting  electrolyte 
used.  These  data  are  discussed  with  respect  to  the  solution  behav¬ 
ior  of  Cm. 

669  FUL  Nonlinear  Optical  Properties  of  Fullerenes  in  the 

Visible  and  Near-Infrared:  Z.  H.  Kafafi,  J.  R.  Lindle. 
S.  R.  Flom.  R.  G.  S.  Pong,  and  F.  J.  Bartoli,  U.S.  Naval  Research 
Laboratory.  Washington,  D.C.  20375 

Several  nonlinear  optical  (NLO)  experiments  have  been  initi¬ 
ated  here  at  NRL  to  investigate  the  NLO  properties  of  the 
fullerenes  (1).  Time-resolved  degenerate  four-wave  mixing 
(DFWM)  and  Z-scan  studies  were  conducted  on  solutions  and 
films  of  the  fullerenes.  Cw,  and  C7(i.  A  Q-switched,  mode-locked  35 
ps  NdiYAG  laser  was  used  at  1.064  pm  whereas  a  synchronously- 
pumped,  mode-locked  I  ps  dye  laser,  tunable  in  the  visible,  was 
operated  near  600  nm.  The  relationship  between  the  molecular 
structure/symmetry  of  the  fullerenes  and  their  third-order  optical 
properties  is  studied.  The  electronic  and  dynamic  nonlinearities  of 
these  molecular  clusters,  and  their  time  responses  are  discussed. 
Mechanisms  giving  rise  to  third-  and  fifth-oider  optical  process  in 
the  different  time  domains  are  explored. 

1.  Z.  H.  Kafafi.  J.  R.  Lindle.  R.  G.  S.  Pong,  F.  J.  Bartoli.  L,  J. 
Lingg.  and  J.  Milliken.  Chem.  Phys.  Lett.,  188, 492  (1992). 

670  FUL  Dynamics  of  Free  Fullerenes  in  Photophysics  and 

Collisions:  W.  Kamke,  *  E.  E.  B.  Campbell,  and  I.  V. 
Hertel.  Freiburger  Materialforschungszentrum  and  Fakultat  fur 
Physik.  Albert-Ludwigs-Universitat.  W  7800  Freiburg.  Germany 
BuckminsterfuUerene  (Cm)  and  its  associates  such  as  Cvn  and 
larger  fullerenes  offer  a  unique  possibility  to  study  the  dynamics 
associated  with  the  absorption  of  photons  in  a  free  large  cluster  of 
high  symmetry  and  to  compare  experimental  results  to  a  variety 
of  data  available  from  solids  or  surfaces.  In  our  experiments,  free 
fuilerene  molecules  or  clusters  are  formed  by  thermal  evaporation 
from  an  oven  or  by  laser  evaporation.  Using  multiphoton  ioniza¬ 
tion  and  a  modified  time  of  flight  technique  delayed  ionization  of 
Cm  has  recently  been  observed.  Using  single  photon  ionization 
with  synchrotron  radiation  the  photoionization  spectra  of 
fullerenes  were  measured  between  threshold  (7.54(4)  eV  for  Cm) 
and  35  eV.  The  ion  yield  is  dominated  by  a  giant  plasmon  reso¬ 
nance  at  about  20  eV  which  was  recently  predicted  theoretically. 
In  our  time  of  flight  setups  the  fuilerene  ions  can  easily  perform 
collisions  with  various  tareet  gases.  Recent  experiments  give  in¬ 
sight  into  the  collisional  fragmentation  of  fullerenes  as  well  as 
into  the  formation  of  hetero^neous  compounds  in  the  collision 
process.  Experiments  where  Cm  is  used  as  target  vapor  are  also  in 
progress. 

671  FUL  Theniiophysical  Properties  of  Solid  Cm,  C7,  and 

Related  Materials:  J.  L.  Margravr,*  C.  Pan,  M.  S. 
Chandrasekharaiah,  M.  P.  Sampson,  and  R.  H.  Hauge,  Dept,  of 
Chemistry  and  Rice  Quantum  Institute,  Rice  Univi  rsity,  Houston. 
TX  77251 

The  recent  availability  of  gram-quantities  of  Cm/Cn  mixtures 
as  well  as  multimilligrams  of  pure  Cm  and  C,„  and  milligrams  of 
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Csi,  C»2,  etc.  have  allowed  measurements  of  (i)  heats  of  combus¬ 
tion.  (ii)  vapor  pressures,  (Hi)  heat  capacities,  (iv)  ionization  po¬ 
tentials,  and  (c)  electron  affinities.  Also,  the  reactions  of  solid 
Cm/C-, I  with  O,,  N,,  F,,  Cl;,  H.,  H^O  have  been  studied. 

672  FUL  Superconductivity  in  Metal-Doped  C„  Solids; 

C.  M.  Lieber,  C.  C.  Chen,  Z.  Zhang,  and  S.  P.  Kelly, 
Dept,  of  Chemistry  and  Division  of  Applied  Sciences,  Harvard 
University,  Cambridge,  MA  02138 

Recently,  there  has  been  significant  effort  directed  toward 
exploring  superconductivity  in  alkali  metal  doped  Cm  solids  and 
films.  The  transition  temperatures  for  K-dopro  C«o  solids  and 
films.  The  transition  temperatures  for  K-doped  Cm  (18  K)  and  Rb- 
doped  Cm  (28  K)  are  significantly  higher  than  previously  reported 
for  other  organic  based  superconductors,  and  thus  suggests  that 
doped  Cm  represents  a  new  class  of  high-T,.  superconductors. 
Herein  recent  results  from  our  laboratory'  that  address  the  synthe¬ 
sis,  characterization  and  superconducting  properties  of  these  ma¬ 
terials  are  discussed.  A  series  of  new  mixed  alkali-metal  doped 
materials  have  been  prepared  with  the  general  formulas  K:,,,CsXm 
and  Rb:,.,^Cs,CM  Structural  and  magnetic  studies  have  been  used 
to  elucidate  the  variation  of  the  superconducting  transition  tem¬ 
perature  with  lattice  size.  In  addition,  extensive  Tow-temperature 
tunneling  measurements  of  the  superconducting  energy  gap  have 
been  carried  out.  The  implications  of  these  and  other  new  data  to 
understanding  superconductivity  in  these  materials  are  discussed. 

673  FUL  Electrochemical  Reactivity  of  Fullerenes  and  Their 

Derivatives;  F.  D'Souza.  R.  Seshadri,  R.  Nagarajan, 
G.  Raj,  V.  Krishnan.'  C.  N.  R.  Rao,  Solid  State  and  Structural 
Chemistry  Unit,  CSIR  Centre  of  Excellence  in  Chemistry  and 
Dept,  of  Inorganic  and  Physical  Chemistry.  Indian  Institute  of 
Science,  Bangalore  560012,  India 

Fullerenes,  Ce„  and  C:,„  exhibit  favorable  one-electron  reduc¬ 
tions  making  them  valuable  acceptor  entities  Interaction  of 
fullerenes  with  typical  aromatic  amine  donors,  viz..  2,3,5,6-(di- 
methylamino)  benzene  and  l,4-(dimethylamino)  benzene  has  been 
studied  to  establish  the  nature  ground-state  charge-transfer  in¬ 
teraction  in  these  systems.  Cyclic  vol'ammetric  studies  of  the  so¬ 
lutions  containing  these  donors  with  fullerenes  have  shown  that 
the  oxidation  potential  of  the  donors  are  split  while  the  reduction 
potentials  of  the  fullerenes  are  diminished  in  magnitude  indicat¬ 
ing  possible  existence  of  CT  interaction  in  these  systems.  In  an¬ 
other  study  involving  fullerenes  with  metalloporphyrins.  viz. 
CoTPP.  we  find  that  the  oxidation  potential  of  Co(II)  is  shifted  to 
lower  potential  by  about  80  mV  accompanied  by  diminished  val¬ 
ues  of  the  reduction  potentials  of  fullerenes.  This  has  been  inter¬ 
preted  in  terms  of  fulleride  anion  coordination  to  CodlDTPP.  Be¬ 
sides  partly  hydrogenated  C*,,  (prepared  through  diimide  reduc¬ 
tion),  we  have’prepared  alkylamine  adducts  by  nucleophilic  addi¬ 
tion  We  have  also  prepared  bromo  and  chloro  derivatives  by  re¬ 
action  with  liquid  Br;  and  SbCl .,  respectively  We  have  examined 
these  derivatives  by  c.vclic  voltammetry. 

674  FUL  Production  and  ESR  Spectroscopy  of  Fullerenes 

Containing  Metal  Atoms;  R.  D.  Johnson,  C  S.  Yan- 
noni.  M  S.  de  Vries,  J.  R  Salem,  and  D.  S  Bethune.*  IBM  Re¬ 
search  Div  .  Almaden  Research  Center.  San  .lose.  CA  95120-6099 
We  report  bulk  preparation  of  LaC»;  and  ESR  spectra  of  this 
species  in  solution  and  in  the  solid  state  Samples  were  prepared 
by  using  a  graphite/LajO,  composite  rod  as  the  anode  of  a  carbon 
arc  and  extracting  the  soot  with  toluene  The  extract  contained 
only  C„,.  C;,.  and  La^Cs;  The  X  band  (9  112  GHz)  ESR  spectrum 
of  the  degassed  drv  powder  is  centered  at  g  =2.001.  in  the  region 
characteristic  of  fullerene  anion  radicals,  and  has  an  overall 
width  of  -10  gauss.  In  solution  the  spectrum  consists  of  eight  ex¬ 
tremely  itarrow  (0  125  gauss)  equally  spaced  (1.25  gauss  interval) 
lines  of  equal  intensity  al.so  entered  at  g  =  2  0010.  unambiguously 
diagnostic  for  isotropic  hyperfine  coaling  to  a  nuclear  magnetic 
moment  with  spin  7/2  such  as  "’La.  The  hyperfine  coupling  con¬ 
stant  ( I  25  gau.ss)  is  very  small,  indicating  that  the  unpaired  elec¬ 
tron  resides  primarily  on  the  carbon  shell  and  the  La  is  in  the  +3 
oxidation  state.  Thus  the  lanthanum  6s  electrons  pair  in  the  low¬ 
est  energy  Cr;  LUMO  while  the  third  electron  occupies  the  next 
higher  energy  C,.,  orbital,  and  the  fullerene  is  a  ground  state  dou¬ 
blet  The  captive  (La  ')  ions  are  relatively  unperturbed  and  are 
present  in  reasonably  high  concentrations,  so  that  many  addition¬ 
al  spectroscopic  studies  may  soon  be  possible. 

675  FUL  Gas-Fhase  Characterization  of  Fullerenes  and 

Endohedral  Complexes;  S.  W.  McElvany,*  J.  H. 
Callahan,  and  M.  M.  Ross,  Code  6113/Chemistiy  Div.,  Naval  Re¬ 
search  Laboratory,  Washington.  DC  20375-5000 

A  variety  of  mass  spectromctric  (MS)  techniques  have  beer 
used  to  characterize  the  gas-phase  properties  and  reactions  of 
fullerenes.  Physical  properties  of  fullerenes  such  as  ionization  po¬ 
tentials  (IPs)  and  proton  affinities  (PAs)  have  been  determined  by 
charge-transfer  and  proton-transfer  bracketing  measurements. 
Chemical  ionization  (Cl)  has  also  been  shown  to  be  a  sensitive 
method  for  the  analysis  of  fullerenes  and  their  derivatives  in  ad¬ 
dition  to  producing  ga^hase  fullerene  derivatives  from  ion/mol¬ 
ecule  reactions  in  the  Ci  plasma.  Recent  studies  have  focus^  on 
the  generation  of  endohedral  fullerene  cation  complexes  using 
two  different  production  methods.  High-ener^  (keV)  collisions  of 
C.  with  inert  gas  atoms  results  in  fragmentation  and/or  uptake  of 


the  neutral  target  atom.  Tandem  MS  experiments  and  molecular 
dynamics  simiuations  of  the  collision  process  provide  convincing 
evidence  for  their  endohedral  structure,  e.g.,  He@CM'.  In  other 
studies,  direct  laser  vaporization  of  fullerene-  and  metal-contain¬ 
ing  samples  results  in  the  production  of  metal-fullerene  complex¬ 
es.  Surprisingly,  the  metal  atom(s)  in  these  DLV-generated 
species  (e.g.,  Y,C„')  are  shown  to  reside  within  the  carbon  cage  by 
comparison  of  their  CID  and  ion/molecule  reactions  with  exter¬ 
nally  bound  adducts. 

676  FUL  Diamond  from  Fullerenes;  M.  Siinez  Regueiro  and 

P.  Monceau,  CRTBT,  CNRS.  Cedex  9,  38042  Greno¬ 
ble,  France,  J.-L.  Hodeau,  L.  Crystallographie,  CNRS.  Cedex  9. 
38042  Grenoble,  France 

High  pressures  studies  have  shown  that  Cm  molecules  are  sta¬ 
ble  under  hydrostatic  pressures  up  to  at  least  20  GPa,  with  the 
material  conserving  the  low  pressure  phase.  However,  nonhydro¬ 
static  loading  induces  phase  transitions  to  lower  symmetry- 
phases  that  appear  to  be  insulating.  It  is  shown  here  that  extreme 
nonhydrostatic  compressions  causes  the  collapse  of  the  spheroids 
around  20  GPa  at  room  temperature.  Depending  on  the  magni¬ 
tude  and  conditions  of  the  applied  pressure,  the  resulting  materi¬ 
al  can  be  polycrystalline  diamond  or  amorphous  material  Our  re¬ 
sults  suggest  an  alternative  route  to  industrial  diamond  synthesis. 

677  FUL  La^e  Fullerenes;  Structures  and  Growth  Mech¬ 

anism;  y.  Achiba,  Dept,  of  Chemistry,  Tokyo  Metro¬ 
politan  University.  Hachioji,  Tokyo  192-03,  Japan 

We  here  report  structural  and  electronic  properties  of  higher 
fullerenes  up  to  C158  (C76.  C78,  C82,  C84,  C96,  C102,  C106.  CllO, 
etc.)  which  were  isolated  from  the  carbon  soot  generated  by  arc 
heating  of  graphite,  using  a  preparative  HPLC.  Mass  spectromet- 
ric  characterization  was  performed,  showing  that  purity  of  the 
isolated  fullerenes  is  better  than  95%.  UV/visible  optical  absorp- 
tion  measurements  in  benzene  indicate  that  absorption  thresliold 
shift  to  the  longer  wavelength  with  increasing  size  of  fullerenes. 
Structural  information  has  been  deduced  by  "C  NMR  for  well- 
isolated  fullerenes  in  CS;  solution.  As  a  result,  we  found  three  iso¬ 
mers  for  C78  (2  X  C,,  and  Dd.  five  for  C82  (C,  (major).  C-,.  2  x  C.,, 
and  Cn),  and  two  major  isomers  (D-  and  D;,,)  for  C84.  From  the 
structural  evidences  obtained  (or  C76,  C78,  'C82,  and  C84.  we  see 
such  an  interesting  tendency  that  the  fullerene  cages  with  the 
lower  symmetry  are  preferentially  formed.  The  propensities  of 
structures  and  magic  numbers  in  the  formation  of  the  fullerenes 
would  suggest  the  important  role  of  dynamical  aspects  in 
fullerene  growth  process  rather  than  the  thermodynamic  stabili¬ 
ties.  A  new  model  (ring-stacking  model)  recently  developed  by  our 
group  for  fullerene  growth  is  briefly  discussed. 

578  FUL  Synthesis  of  a  CH-p-Xylylene  Copolymer:  D.  A. 

Loy'  and  R  A.  Assink,  Org.  1812.  Sandia  National 
Laboratories.  Albuquerque.  NM  87185 

The  preparation  and  purification  of  macroscopic  quantities 
of  buckminsterfullerenes  or  buckvballs  has  ignited  an  explosion 
of  research  into  their  physical  ana  chemical  properties,  and  a  va¬ 
riety  of  strategies  for  preparing  new  fullerene-based  materials. 
Chemical  derivatives  of  Cbo  fullerene  can  be  prepared  by  a  variety 
of  methods.  We  report  a  polymeric  fullerene  material  prepared  by 
reacting  Cm  with  xylylene.  The  xylylene,  generated  by  the  flash 
thermoTysis  of  paracyclophane,  was  react^  with  C«„  in  toluene 
cooled  to  -78°C  to  afford  an  insoluble,  brown  solid.  Analyses  of 
the  material  by  solid  state  "C  MAS  NMR,  IR,  and  thermal  gravi¬ 
metric  analysis  are  consistent  with  a  Cs„-xylylene  copolymer. 
(This  work  was  supported  by  the  United  States  Department  of 
Energy  under  Contract  No.  DE-AC04-76DP00789.) 

679  FUL  ESR  and  Optical  Studies  of  the  Radical  Ions  of 

Fullerenes;  T.  Kato,  *  T.  Kodama,  T.  Shida,  S.  Suzu¬ 
ki.  and  Y.  Achiba,  Kyoto  University.  Kyoto  606.  Japan 

The  electronic  absorption  spectra  of  the  radical  ions  of  C*, 
and  Cto  are  observed  in  -jf-irradiated  glassy  polyatomic  matrices  at 
77  K.  The  s[>TCtraI  features  of  all  the  radical  ions  are  consistent 
with  the  available  information  in  the  literature  which  includes 
photoelectron  and  resonance  Raman  spectra  of  Cm  and  C,,).  In  ad¬ 
dition,  the  observed  spectra  compare  favorably  with  the  results  of 
CNDO/S  calculations.  The  ESR  spectra  of  the  radical  anions  of 
Cm  and  C;o  produced  by  electrolysis  were  measured  at  77  K.  In  the 
case  of  radical  anion  of  Cm.  a  singlet  ESR  spectrum  with  g  = 
1.9982  appieared.  The  small  value  of  the  g  factor  was  interpreted 
in  terms  of  a  large  correction  by  the  second-order  perturbation  of 
the  residual  orbital  angular  moment.  The  irregular  vibrational 
structure  of  the  electronic  absorption  of  the  radical  anion  in  the 
frozen  matrix  was  suggested  as  Ming  due  to  the  Jahn-Teller  dis¬ 
tortion. 

689  FUL  Electranic  Stnictunt  and  Superconductivity  of 

Fnlleiencs  and  Ftdleridea:  S.  Saito,  *  A.  Oshiyama, 
Y.  Miyamoto,  S.-i.  Sawada,  and  N.  Hamada,  Fundamental  Re¬ 
search  Laboratories  and  Microelectronics  Research  Laboratories, 
NEC  Corp.,  34  Miyukigaoka,  Tsukuba,  Ibaraki  305,  Japan 

We  present  the  elwAronic  structures  of  fullerenes  and  ful¬ 
lerides  obtained  by  using  the  dmsity-functional  theory  as  atell  as 
the  realistic  tight-binding  model.  The  electronic  structures  of 
larger  fullerenes.  Cn,  C,,.  Cm  etc.,  as  well  as  Cm  are  reported  and 
are  compared  to  the  photoemission  spectra.  Calculated  density  of 
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states  of  the  structural  isomers  of  larger  fullerenes  are  found  to  be 
considerably  different  from  one  another  and  did  play  an  impor¬ 
tant  role  in  determining  the  actual  geometries  oi  larger  fullerenes 
extracted  from  CTaphite-arc  soot.  Cohesive  mechanisms  and  ener- 

fi  bands  of  solid-state  derivatives  of  Ca„,  i.e.,  pure  solid  Cm.  KaC*,,. 

bjCao,  and  CwBr,  are  also  discussed.  The  high  electronegativity 
of  C«„  is  found  to  be  of  significant  importance  for  their  properties. 
The  unusual  linear  relationship  between  the  Fermi-level  density 
of  states  and  the  superconducting  transition  temperature  (T,)  in  a 
wide  range  has  been  found  in  K|C,„  and  RbiCa,,.  The  validity  of  the 
McMillan  equation  for  T,  will  be  reexamin^  in  these  narrow  con¬ 
duction  band  superconductors  with  high  frequency  vibrational 
modes 

681  FUL  Synthesis  of  Novel  Fullerene  Derivatives;  G.  P. 

Miller,  Exxon  Research  &  Engineering  Co.,  Annan- 
dale.  NJ  18042 

Immediately  after  the  discovery  by  Kratchmer  and  Huffman 
of  a  method  for  the  macroscopic  synthesis  of  Cm.  speculation 
flourished  concerning  the  potential  utility  of  this  novel  com¬ 
pound.  Organic  chemists  in  particular  were  compelled  by  the  idea 
that  Cs„  could  be  a  starting  point  for  the  construction  of  a  myriad 
of  new  materials  possessing  diverse  properties  Several  CToups. 
including  our  own,  have  developed  synthetic  strategies  for  the 
synthesis  of  new  fullerene  materials.  It  is  now  possible  to  add 
many  different  functional  groups  to  the  Cs,,  skeleton.  In  this  pre¬ 
sentation.  the  results  of  synthetic  strategies  initiated  and  investi¬ 
gated  in  our  laboratory  are  discussed.  Particular  emphasis  is 
placed  upon  the  preparation  of  novel  derivatives  resulting  from 
nucleophilic  addition  to  oxidized  Cb,,.  The  reaction  is  of  broad 
scope  and  the  derivatives  thus  formed  include  alkoxylated  and 
arylated  C,„. 

682  FUL  Synthesis,  Extraction  and  Characterization  of 
Fullerenes  and  Metallofullerenes:  D.  H.  Parker,'  P. 
Wurj,  K.  R  Lykke,  and  K.  Chatterjee.  Materials  Sciencc/Chem- 
istrv  Divs,.  Argonne  National  Laboratory.  Argonne.  IL  60439. 
J  C  Hemmtnger.  Dept,  of  Chemistrv.  University  of  California. 
Ir\  ine,  CA  92627,  M.  J.  Pellin,  D.  M  6ruen.  and  L  M.  Stock.  Ma¬ 
terials  Science/Chemistry  Divs  .  Argonne  National  Laboratory. 
Argonne.  IL  60439 

We  report  ihe  preparation  of  fullerenes  in  very  high  yield  in  a 
plasma  di.seharge  Fullerenes  up  to  C,«.  have  been'observed  in  the 
mass  spectrum  By  selective  solvent  extraction,  we  can  isolate  dif¬ 
ferent  molecular  weight  ranges  of  fullerenes  for  subsequent  sepa¬ 
ration  by  chromatography  We  observe  that  up  to  94%  of  the  soot 
produced  in  our  plasma  discharge  is  soluble,  depending  on  the 
choice  of  solvent.  Recently,  we  have  developed  a  one-slep  method 
for  the  purification  of  C«b  in  yields  of  6%  directly  from  the  soot. 
The  one-step  method  uses  much  less  solvent  and  is  much  less 
labor-intensive  than  previous  methods  Additionally,  we  have 
adapted  our  plasma  arc  generator  to  synthesize  metallofullerenes. 
The  starting  material  for  the  synthesis  of  the  metallofullerenes 
was  either  metal  wire  inserted  in  graphite  rods  or  a  graphite  tube 
filled  with  a  mixture  of  metal  oxide  powder  and  graphite  Both 
approaches  were  successful  in  producing  metallofullerenes  We 
have  characterized  these  species  with  laser  desorption  Fourier 
transform  mass  spectrometry  and  time-of-flight  mass  spec¬ 
trometry 

683  FUL  Larger  Fullerenes  and  Functionalized  Fullerenes: 

Structures  and  Stabilities:  K.  Raghacachari.  AT&T 
Bell  Laboratories.  Murray  Hill.  NJ  07974.  C  M  Rohlfing.  Sandia 
National  Laboratories.  Livermore.  CA  94351 

In  this  work,  we  investigate  the  structures  and  stabilities  of 
larger  fullerenes  such  as  C-b.  C-,.  C,...  and  C„  as  well  as  function¬ 
alized  fullerenes  .such  as  C«,0  and  C,„CH:..  Both  semi-empirical 
and  ah  initio  quantum  chemical  calculations  have  been  used  in 
this  study  Larger  fullerenes  such  as  C,,.  C:«.  C^.  and  C,,.  have 
several  structural  i.somers  which  have  all  the  pentagons  isolated 
from  each  other  Total  energy  minimization  techniques  have  been 
used  to  determine  the  geometries  and  relative  energies  of  these 
isomers  The  stabilities  of  Ihe  iSomers  are  analyzed  in  terms  of  the 
Irx'al  environments  of  the  pentagons  and  hexagons  in  the  struc¬ 
tures.  Energy  parameters  have  bron  derived  which  can  character¬ 
ize  such  isomers  in  a  predictive  manner  Correlations  between  the 
structural  and  electronic  prraerties  are  discussed.  Derivatized 
fullerenes  such  as  C«,0  and  C,„CHi  have  a  O  or  — CHj  group 
bridging  a  naphthalene  like  structure  in  the  fullerene.  The  bond¬ 
ing  in  the  derivatized  fullerenes  is  compared  to  that  in  C«,.  In  par¬ 
ticular,  the  nature  of  the  bond  length  across  the  bridging  C— C 
bond  is  discussed  in  detail.  Vibrational  spectra  of  derivatized 
fullerenes  are  predicted. 

684  FUL  Cooitfination  Chemistry  with  Fulleride  Ions:  C.  A. 

Reeti,  •  A.  PMicaud,  P.  Bhyrappa,  and  J.  Hsu.  Dept, 
of  Chemistry.  University  of  Southern  California.  Los  Angeles,  CA 
90089-0744 

The  perception  that  the  chemistry  of  Cm  and  C7n  is  a  material- 
limited  field  is  beginning  to  diminish.  We  report  some  procedures 
which  improve  the  most  tedious  part  of  Cm  and  Cvn  isolation— that 
of  chromatoCTaphy  on  alumina.  In  a  troical  procedure,  Ig  of  soot 
extract  yields  600  mg  of  high  purity  Cm  and  130  mg  of  gem  puri¬ 
ty  C-„  on  a  per  column,  per  day  basis.  Sodium  reacts  with  Cm  in 
THF  in  the  presence  of  a  crown  ether  to  give  synthetically  useful 


fulleride  salts.  Strongly  reducing  metalloporphyrins  react  readily 
with  Cm  to  give  ionic  salts  of  Cbu-.  The  anistropic  EPR  signal  asso¬ 
ciated  with  the  fulleride  ion  at  low  temperatures  may  be  a  mani¬ 
festation  of  a  Jahn-Teller  distortion.  The  extremely  weak  coordi¬ 
nation  ability  of  the  Cs,,-  anion  gives  rise  to  a  notably  large  shift  in 
redox  potential  (>650  mV)  in  the  case  of  the  Crill^II)  porphyrin 
couple.  Characterization  of  metalloporphyrin  products  is  present¬ 
ed  as  well  as  data  on  nonporphyrinic  materials  obtained  with  C„. 

685  FUL  The  Multipole  Expansion  of  Intermolecular  Farces 

Applied  to  C/60:  G.  Lasher,  IBM  Research  Div.,  T.  J 
Watson  Research  Center,  Yorktown  Heights.  NY  10598 

The  interaction  energy  of  two  molecules  determines  many 
properties  of  their  aggregates  whether  they  are  crystalline  or 
amorphous  and  form  small  clusters  or  effectively  infinite  bodies. 
As  relevant  experimental  data  accumulates,  the  need  for  a  com¬ 
pletely  empirical  description  of  intermolecular  forces  becomes 
more  apparent.  The  obvious  choice  is  a  multipole  expansion 
which  gives  the  orientational  energy  of  two  interacting  molecules 
as  a  sum  of  terms  labelled  by  a  total  angular  momentum  quantum 
number  for  each  molecule.  The  icosahedral  symmetry  of  C/60  is 
the  highest  possible  point  symmetry,  and  therefore  its  multipole 
expansion  eliminates  as  many  terms  as  possible  from  the  expan¬ 
sion  of  the  orientational  ener^  of  two  asymmetric  molecules.  It  is 
a  relatively  straight  forward  application  of  group  theory  to  find 
an  expansion  of  a  function  which  is  invariant  to  the  rotation  of  ei¬ 
ther  molecule  of  a  pair  by  an  element  of  its  point  group.  However, 
the  expansion  for  the  energy  of  the  pair  must  also  be  unchanged 
as  both  molecules  are  simiutaneously  rotated  by  an  angle  about 
the  line  joining  their  centers.  This  paper  describes  a  method  for 
computing  the  multipole  functions  for  any  symmetry  and  for  inte¬ 
grating  the  product  of  these  functions  with  an  arbitrary  function 
to  evaluate  the  coefficients  which  determine  the  expansion  of  that 
function.  The  restraints  on  the  coefficients  of  the  icosahedral  ex¬ 
pansion  for  C/60  implied  by  the  symmetry  of  the  ground  state  of 
fullerite  are  illustrated 

686  FUL  Fullerenes  and  Fullerides:  Photoemission  and 

Scanning  Tunneling  Microscopy  Studies:  J.  H. 

Weaver.  Dept,  of  Materials  Science  and  Chemical  Engineering. 
University  of  Minnesota.  Minneapolis,  MN  55455 

This  paper  focuses  on  the  electronic  structures  of  fullerenes. 
Cb.,  and  C:„.  and  the  alkali  metal  fullerides  derived  from  them. 
Photoemission  and  inverse  photoemission  results  reveal  the  dis¬ 
tribution  of  stales  in  the  valence  bands  and  conduction  bands  of 
these  molecular  solids.  They  also  show  the  changes  induced  by  al¬ 
kali  doping,  particularly  the  filling  of  Ihe  first  set  of  conduction 
band  states,  and  the  differences  associated  with  Li.  Na.  K.  Rb, 
and  Cs  fullerides.  UHV  STM  results  are  di.scussed  for  thin  films  of 
Cm  and  Ct„  and  for  K,C,„  in  the  metallic  and  insulating  states.  The 
STM  results  show  fullerene  trapping  at  GaAs(llO)  steps  and  film 
growth  on  the  surface  by  step  flow  Novel  grow'th  structures  are 
emphasized  for  these  high  temperature  van  der  Waals  solids.  Pho¬ 
toemission  results  for  Cb,.  monolayers  on  metal  and  semiconductor 
surfaces  show  Fermi  level  alignment,  and  the  implications  are  ex¬ 
amined  in  terms  of  .surface  bonding  and  dipole  formation.  Finally, 
results  for  fullerenes  containing  La  atoms  inside  the  cage  are  pre¬ 
sented. 

687  FUL  Electron-Phonon  Coupling  and  Superconductivity 

in  Alkali  Intercalated  Cn  Solid:  M.  A.  Schliiter. 
AT&T  Bell  Laboratories,  Murray  Hill.  NJ  07974 

We  propose  the  superconductivity  in  A.,Cb„  (A  =  K.  Rb)  with 
T.  >  30  K  results  from  a  favorable  combination  of  high  phonon 
frequencies  and  the  existence  of  two  different  energy  scales  opti¬ 
mizing  the  coupling  constant  >,  =  N  V.  Calculations  show  that 
electron  scattering  V  is  dominated  by  particular  on-ball  Jahn- 
Teller-type  modes  on  the  scale  of  the  large  on-ball  x-hopping  en- 
er^.  while  the  density  of  states  N  is  controlled  by  the  weak  inter- 
ball  hopping  energy  This  factorization  has  several  observed  ex¬ 
perimental  consequences.  Data  on  atomic  substitution.  Raman 
and  neutron  scattering,  and  isotope  effect  measurements  can  be 
explained  naturally.  Crucial  differences  to  intercalated  graphite 
explain  the  much  smaller  T,  values  in  the  graphite  compounds. 
(This  work  was  done  in  collaboration  with  M  Lannoo.  M. 
Needels,  G  A.  Baraff.  and  D.  Tomanek.) 

688  FUL  The  Equilihrium  Structure  of  Big  Fullerenes: 

Spherical  or  Cylindrical  Shape?  G.  E.  Scuseria. 
Dept,  of  Chemistry  and  Rice  Quantum  Institute,  Rice  University. 
Houston.  TX  7725 1  - 1 892 

The  recent  experimental  discovery  [S.  Ijima,  Nature.  354,  56 
(1991)1  that  a  new  type  of  structure  consisting  of  needlelike  mi¬ 
crotubules  of  graphitic  carbon  can  be  grown  using  an  apparatus 
very  similar  to  that  used  to  mass  produce  fullerenes  such  as  Cm. 
challenges  the  conventional  view  that  big  fullerenes  such  as  Cim 
and  Cim  have  spherical  (or  rounded)  shapes  (H.  W.  Kioto,  Chem. 
Rev..  •!,  1213  (1991)).  The  carbon  needles  were  described  as  hav¬ 
ing  up  to  1  um  in  leii^h  and  ranmng  from  4  to  30  nm  in  diameter. 
Tlwse  so  called  “bucky-tubes"  — if  grown  to  macroscopic  length — 
might  constitute  vastly  superior  carbon  fibers.  In  this  work, 
ab  mitio  SCF  calculations  were  carried  out  in  order  to  predict  the 
equilibrium  structures  of  some  of  the  large  fullerenes.  Geometries 
were  optimized  employing  analytic  energy  gradients  within  the 
direct  SCF  approach.  Several  electronic  states  and  different 
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•  ‘indrical  and  spherical  shapes  were  considered  for  Ci2«,  Cin.»  and 
L-:,.,-  Results  obtained  with  up  to  2400  basis  functions  are  reported. 

689  FUL  Mass  Spectroscopic  Characterization  of  Large 

Fullerenes  and  Metallofullerenes:  H.  Shinohara* 
Dept,  of  Chemistry  for  Materials,  Mi’e  University,  Tsu  514  Japan, 
y.  Saifo,  Dept,  of  Electrical  Engineering.  Mi’e  University,  Tsu  514 
Japan 

Identification  of  fullerenes,  particularly  the  fullerenes  larger 
than  C70.  is  a  crucial  part  of  the  experiment  when  it  comes  to  the 
isolation  such  carbon  molecules.  Mass  spectroscopy  is  definitely  a 
powerful  tool  for  the  identification  of  fullerenes.  However,  mass 
spectrometry  usually  entails  fragmentation  of  “intact”  parent 
ions  which  often  damages  mass  spectra.  Fullerenes  have  been 
known  to  give  even-numbered  fragment  ions  on  ionization  unless 
the  mildest  ionization/desorption  conditions  are  employed.  In  the 
first  part  of  the  present  study,  we  report  the  results  of  the  various 
type  of  the  mass  spectrometry  of  the  larger  fullerenes,  which  in¬ 
cludes  El,  FAB.  SIMS,  laser  desorption  (LD).  and  liquid-MS  (LC- 
Frit-FAB/SIMS  and  electrospray)  technique.  Second,  the  results 
of  LD  and  FAB  mass  spectrometry  of  some  metallofullerenes, 
which  were  produced  by  a  usual  carbon  arc  method  with  various 
metal  oxide  electrodes,  are  discussed.  Along  with  the  results  of 
absorption  and  ESR  spectroscopy  for  metallofullerenes.  the  possi¬ 
ble  encapsulation  of  metal(s)  in  the  various  size  of  fullerenes  is 
also  discussed. 

690  FUL  Experimental  Heat  of  Formation,  Vapor-Phase  UV 

Spectrum.  Vapor  Pressure  and  Heat  of  Sublimation 
of  Cw.  Buckminsterfullerene:  D.  R.  Kirkltn,  Chemical  Thermody¬ 
namics  Du  .  Center  for  Chemical  Physics,  National  Institute  of 
Standards  and  Technology.  Gaithersburg.  MD  20899.  A.  L. 
Smith*  and  y.-VV.  //ju.  Dept,  of  Chemistry.  Drexel  University. 
Philadelphia.  PA  19104,  A.  McGhie  and  W.  J.  Romanmv.  Labora¬ 
tory  for  Research  m  the  Structure  of  Matter.  University  of  Penn¬ 
sylvania.  Philadelphia.  PA  19104.  G.  Zimmerman,  Dept,  of  Chem¬ 
istry.  Drexel  University.  Philadelphia.  PA  19104 

We  have  measured  the  ener^'  of  combustion  of  solid  Cm*  in 
th«  .N’KST  aneroid  adiabatic  rotating  calorimeter.  The  standard 
molar  enthalpy  of  combustion  is  -25.804  ±  6  kJ  -  mol  and  the  de¬ 
rived  enthalpy  of  formation  of  solid  Cm.  is  2193  ±  10  kJ  mol  ‘.  be¬ 
fore  the  final  correction  for  aliphatic  hydrocarbon  impurity  level. 
Using  the  enthalpv  of  hirmation  of  C(gas)  and  the  heat  of  subli¬ 
mation  of  C.  .  we  derive  an  average  carbon-carbon  bond  energy  in 
C,.  of  454  kJ  mol  •  (109  kcal  mol  '  ).  roughly  equal  to  the  weight¬ 
ed  average  of  1/3  C=rC  double  bond  and  2/3  C  C  single  bond  en¬ 
ergies  We  have  also  measured  the  temperature  dependence  of  the 
vapor  pressure  of  from  500  to  680  C  by  recording  the  ultravio- 
let/visihle  abstirption  spectrum  of  C,.,.  gas.  using  methods  similar 
to  our  previous  study  of  .sulfur  vapor  (1).  At  these  temperatures 
in  rnruo.  .solid  C,  resists  chemical  degradation  for  days,  but  may 
exhibit  somt‘  phase  transformation  between  fi2(i  and  660  C.  Clau- 
.suis-Clapeyron  plots  of  the  data  give  a  heat  of  sublimation  of  C^,,. 
f’reiiminarv  values  are  P  (C,...{solid)|  =  0.01  Torr  at  5.50  ±  20  C. 
and  heal  of  sublimation  35  ±  3  Kcal  mol 

1  R  I  Bilimers  and  A  L  Smith.  J  Phi^s  Chem..  95.  4242 
(1991) 

691  KVL  Structure  of  Superconducting  and  Ferromagnetic 

Fullerides  P  W  Stephens.  Dept  f)f  Physics,  SUNY. 
Stonv  Brook,  NY  11794 

W<’  review  the  crystal  structure  information  determined  by 
the  present  coworkers  (U  and  others  on  superconducting  A.C„„ 
(w  here  A  is  alkali  metal  Na.  K.  and  Rb)  and  ferromagnetic TDAE- 
C7,.,  (where  TDAF  is  C  NJCH  ).  The  results  provide  some  expla- 
naln»n  for  the  strongly  different  behavior  of  fullerides  based  on 
alkali  rv  organic  domirs.  and  (m  the  detailt*d  mechanisms  for  the 
observed  properties  of  these  materials 

j  Work  performed  in  collabcration  with  (.so  far)  P  M.  Alle- 
mand.  D  K  Cox.  F  DiedeTich,  A  Hirsch.  K  Holczer,  S  M 
Huang.  R  B  Kaner.  J  W’  Lauher.  P  L  Lee.  Q  Li.  L  Mihaly.  J  D. 
Thompson.  R  L  Whetten.  I  B  Wiley,  and  F  WudI 

692  Fll.  Isolation.  Spectroscopy,  and  Chemical  Reactions 

of  Fullerenes:  R  Taulor.  P.  R  Hirkett,  J.  H.  Hoi- 
loH'ay.  E  C  Hope.  J  iMngley.  M  F.  Medeme,  T  J.  ppnnts.  J.  P. 
Hare.  //  W  Kroto.  and  D  R  M  Walton.  Schfxil  of  Chemistry  and 
Molecular  Sciences.  University  of  Sussex.  Brighton.  Sussex.  Eng¬ 
land  BN  1  »gj 

The  chromatographic  work  that  led  to  the  isolation  of  the 
first  pure  samples  of  and  C:„  is  described,  together  with  the 
most  recent  work  on  the  HPLC  separation  of  the  higher 
fullerenes  Structural  features  which  account  for  the  wide  differ¬ 
ence  in  stabihly  of  different  fullerenes  are  identified.  An  account 
IS  given  of  the  work  of  the  Sussex  group  (and  their  collaborators 
at  l^eicester  and  Southampton  Universities)  on  reduction,  photo¬ 
chemical  degradation,  and  halogenation  of  C#,,.  together  with 
some  preliminary  work  on  C:.,.  A  number  of  reactions  of  the  halo- 
genaled  derivatives  are  described  in  detail,  especially  some  nucle¬ 
ophilic  substitutions,  and  reactions  as  electrophiles  in  aromatic 
substitution.  The  consequences  for  lubricant  potential,  of  the  high 
reactivity  of  the  halogenated  derivatives  towards  nucleophiles  are 
evaluated  5M>me  general  principles  Riding  the  type  and  magni¬ 
tude  of  chemical  reactions  of  C«..  and  the  probable  sites  involved, 
arc  considered  In  particular,  our  results  taken  along  with  those  of 


others,  indicate  the  emergence  of  a  reactivity  pattern  whereby  ei¬ 
ther  2,  3.  4.  6  or  12  of  the  high-order  bonas  of  C^o  appear  to  be 
commonly  involved  in  chemical  reactions.  Some  reasons  for  this 
are  suggested 

693  FUL  Collective  Electronic  Excitations  in  Fullerenes:  D. 

Tomdnek,  Dept,  of  Physics  and  Astronomy  and  Cen¬ 
ter  for  Fundamental  Materials  Research,  Michigan  Slate  Univer¬ 
sity,  East  Lansing.  MI  48824-1116 

We  have  investigated  the  possible  occurrence  of  collective 
electronic  excitations  in  carbon  fullerene  clusters,  specifically  C^,,. 
Our  calculations  of  the  electromagnetic  response  function  of  iso¬ 
lated  fullerenes  are  based  on  the  random  phase  approximation 
(RPA)  (1)  and  the  tight-binding  formalism  lor  the  single-particle 
levels  and  wavefunctions.  Our  results  in  the  low  energy  region  of 
the  spectrum  (h(o  <  6  eV)  indicate  strong  to  moderately  strong 
screening  of  the  free  response  to  an  external  dipole  field.  The 
spectrum  is  dominated  by  a  collective  excitation  at  an  energy  of 
=20  eV,  corresponding  to  a  Mie  (o-lype)  plasmon.  The  response  to 
general  multipolar  external  fields  (L  <  9)  shows  a  gradual  decay  of 
this  20  eV  mcrae  with  increasing  multipolarity.  Beyond  the  20  eV 
plasmon.  the  response  function  shows  a  feature  at  6  eV,  reminis¬ 
cent  of  the  7t-plasmon  in  graphite,  which  persists  to  fields  w'ilh  a 
high  multipolarity.  (Work  done  in  collaboration  w'ith  G.  F. 
Bertsch.  A.  Bulgac,  N.-J.  Ju  and  Y.  Wang;  supported  by  the  Na¬ 
tional  Science  Foundation  under  Grant  No.  PHY-8920927.) 

1.  G.  F.  Bertsch.  A.  Bulgac,  D.  Tomdnek.  and  Y.  Wang,  Phys. 
Rev.  Lett.,  67.  2690  (1991). 

694  FUL  NMR  Studies  of  Molecular  Dynamics  and 

Electronic  Properties  of  Pure  and  Doped  Bucky- 
balls:  R.  Tycko,*  G.  Dabbagh,  S.  E.  Barrett.  M.  J.  Rosseinsky, 
D.  W.  Murphy.  R.  M.  Fleming,  and  R.  C.  Haddon,  AT&T  Bell  Lab¬ 
oratories,  Murray  Hill.  New  Jersey  07974 

NMR  measurements  provide  important  information  about 
molecular  reorientational  dynamics  and  phase  transitions  in  pure 
solid  C,i.,  and  C:...  including  the  rates  and  activation  energies  for 
reorientation  and  the  symmetr>’  of  the  reorientational  motion 
NMR  also  provides  information  about  the  phase  diagrams  of  the 
alkali  fullerides  ArC„„  and  about  the  electronic  properties  of  the 
metallic  and  superconducting  alkali  fullerides,  including  the  den¬ 
sities  of  electronic  states  at  the  Fermi  energy-  m  the  normal  state 
and  the  energy  gap  and  magnetic  penetration  length  in  the  super¬ 
conducting  state.  Our  most  recent  NMR  results  are  presented  and 
interpreted, 

695  FUL  (a)  Production  and  Characterization  of  Fullerene 

Encapsulated  Metals,  and  (b)  The  Search  for 
Fullerenes  in  Meteorites:  M.  S.  deVries.*  J.  R.  Salem,  R.  D.  John¬ 
son.  D.  S.  Bethune,  C.  S.  Yannoni.  H.  R.  Wendt,  H  E.  Hunziker,  K. 
Reihs.  and  M  Hoinkis.  IBM  Corp..  Almadrn  Research  Center,  San 
Jose.  CA  95120-6099. 

We  report  on  studies  of  metal  fullerene  complexes,  involving 
various  group  Ilia  elements,  i.e..  La.  Sc.  Y.  Eu.  Tb.  and  Gd,  The 
complexes  are  produced  by  coevaporalion  of  carbon  with  the  var¬ 
ious  metals  in  an  arc  discharge  in  He.  The  resulting  soot  is  treated 
in  various  ways,  such  as  extraction  and  sublimation,  and  studied 
by  laser  desorption,  laser  ionization,  mass  spectrometry’  as  w’ell  as 
by  EPR  spectroscopy.  Many  of  the  complexes  appear  to  be  very’ 
stable.  The  metal  C«„  and  metal  C;,.  species  w'ere  found  to  be  un¬ 
stable  upon  heating,  but  could  be  laser  desorbed  intact.  The 
species  involving  heavier  fullerenes.  such  as  C;*  or  C«;;  were  found 
to  be  much  more  stable.  Several  complexes  were  found  with  two 
or  Ihnx*  metal  atoms.  Generally  there  seems  to  be  a  greater 
propensity  for  finding  multiple  metals  associated  with  the  carbon 
cage  as  the  ionic  radius  of  tne  metal  decreases.  Both  the  fluence 
and  the  wave-length  of  the  ionizing  laser  were  varied  to  investi¬ 
gate  fragmenlion  patterns,  ionization  efficiency  and  ionization 
energies.  All  tests  to  dale  are  consistent  with  metal  atoms  being 
inside  the  carbon  cage  We  also  report  the  latest  results  in  our 
search  for  fullerenes  in  carbonacious  meteorites,  relevant  to  the 
probabilitv  of  fullerenes  in  interstellar  space.  (Collaborative  work 
with  S.  Chang  and  E  Peterson.  NASA-Ames  Research  Center, 
and  R.  Fleming.  Charles  Evans  and  As,sociales.) 

696  FL^L  Light  and  Fullerenes:  Photoconductivc  and  Non¬ 

linear  Optical  Properties:  V.  Wang,*  J.  Caspar,  and 
L.-T.  Cheng.  Du  Pont  Co..  Experimental  Station.  Wilmin^on,  DE 
19880-0356 

Fullerenes  form  charge-transfer  complexes  with  electron 
donors.  There  is  no  appreciable  charge  separation  in  the  ground 
slate  of  the  complex.  However,  upon  photo-excitation,  Aarge- 
Iransfer  state  is  formed  which  gives  rise  to  novel  nonlinear  optical 
and  pholoconductive  properties.  In  the  first  part  of  the  paper  we 
report  the  third  order  nonlinear  optical  properties  of  fullerenes 
(C«„  and  C70)  and  the  second  order  nonlinear  optical  properties  of 
fullerene  charge-transfer  complexes.  Significant  optical  nonlin¬ 
earities  have  been  observed  in  both  cases.  We  then  present  our  re¬ 
cent  data  demonstrating  significant  photoconductivity  in 
fullerenes-doped  polymers.  The  performance  of  this  new  photo¬ 
conductor  is  comparable  to  some  of  the  best  commercial  photo¬ 
conductors  such  as  the  Ihiapyrylium  dye  aggregates  pholoconduc- 
tor.  Both  field  and  wavelength  dependence  data  are  discussed. 
The  fundamental  electron-transfer  rale  constants  of  fullerene  sin¬ 
glet  and  triplet  states  have  been  determined  by  lime-resolved 
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laser  spectroscopic  methods.  Several  orders-of-magnitude  differ¬ 
ence  in  their  rate  constants  have  been  observed.  The  explanation 
and  the  implication  on  the  pholuconductive  mechanism  are  dis¬ 
cussed. 


697  FUL  S3mthesis  and  Characterization  of  Exo-  and 
Endohedral  Metal  Fullerides:  J.  B.  Wiley^,*  E.  G. 
Gillan.  S.-M.  Huang,  K.  Min,  M.  Alvarez,  C.  Yeretzian,  S.  Cho,  F. 
Diederich.  R.  Whetten,  K.  Holczer,  and  R.  B.  Kaner,  Depts.  of 
Chemistry  and  Physics  and  Solid  State  Science  Center.  Universi¬ 
ty  of  California,  Los  Angeles,  CA  90024-1569 


Fullerene  carbon  cages  continue  to  produce  a  wide  variety  of 
new  and  exciting  chemistry.  Our  recent  research  efforts  have  con¬ 
centrated  on  the  synthesis  and  characterization  of  metal  ful¬ 
lerides.  Potassium  and  rubidium  doped  C^-)  (FCC  MjCt,„)  exhibit 
superconducting  transition  temperatures  of  19.3  and  29.6  K.  re¬ 
spectively.  Experiments  with  Cgo  and  Na,  K.  and  Rb  show  that  al¬ 
though  sodium  fulleride  has  an  FCC  lattice,  both  it  and  sodium- 
containing  mixed-metal  compounds  are  not  superconducting.  X- 
ray  powder  diffraction  and  magnetic  susceptibility  data  are  pre¬ 
sented  on  these  systems.  A  series  of  lanthanide  endohedral  com¬ 
pounds  have  been  produced  from  arc-burning  of  filled  graphite 
rods,  and  these  also  are  discussed. 
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698  RNP  Electrochemical  In  Situ  Dia^ostics  for  Light- 

Induced  Wet  Etching  of  Multilayer  Structures: 

Th  Fink  and  R  M  Osgood.  Jr..  Microelectronics  Sciences  Labo¬ 
ratories.  Columbia  University,  New  York.  NY  10027 

This  work  prt^sents  an  electrochemical  method  for  in  .situ 
monitoring  of  hoterostructure  etching.  Experiments  with 
AlGaAs/GaAs  multilayer  samples  showed  that  measurement  of 
the  current  in  the  electrochemical  cell  or  of  the  potential  of  the 
sample  clearly  indicate  the  passing  of  an  interface  between  tw'o 
epilayers  l.i-'ng  light-indured  etching  Therefore  the  technique 
can  be  used  for  the  controlled  localized  layer-by-layer  etching  of 
multilayers  which  makes  it  important  for  the  pnKessingof  multi¬ 
quantum  well  materials 

699  RNP  The  Effect  of  Energetic  Ion  Bombardment  on  the 

Activation  Energy  m  the  Etching  Reaction  Between 

Silicon  and  Fluorine:  P  M  Kopalidis  and  J  Jome.  Dept,  of 
Chemical  Engineering,  University  of  RtKhester.  Rwhester.  NY 
14627 

Energetic  ion  bombardment  has  a  profound  effi»cl  on  the  etch 
rate  of  silicon  in  dr>’  etching  processes  In  this  work,  a  combined 
theoretical  and  experimental  approach  is  followed  to  investigate 
this  phenomenon  A  mathematical  model  of  a  showerhead-type 
reactive  ion  etching  reactor  is  developed  Experimental  measure¬ 
ments  f)f  the  plasma  density,  electron  ener^/,  and  exit  gas  compo¬ 
sition  in  this  system  are  used  to  provide  information  on  the  gas 
phase  reactions  taking  place  and  the  values  of  kinetic  coefficients. 
The  concentration  distribution  of  molecules  and  radicals  are  ob¬ 
tained  by  solving  the  mass  balances  with  finite  differences.  Sur¬ 
face  recombination  and  competition  between  fluorine  and  oxvgen 
atoms  to  adsorb  on  the  silicon  surface  are  considered,  ancf  the 
chemical  etch  rate  of  silicon  is  calculated  A  correlation  between 
the  activation  ener^  of  the  etching  reaction  and  the  energy  and 
density  of  bombaroing  ions  is  obtained,  by  comparing  the  calcu¬ 
lated  chemical  etch  rate  distribution  with  the  one  measured  ex¬ 
perimentally. 

70#  RNP  Mkrotrench  Fonnation  during  Plasma  Etching: 

T.  J.  Dalton,  J.  C.  Arnold,  and  H.  H.  Sawin,  Mir. 
Dept  of  Chemical  Engineering.  Cambridge.  MA  02139,  S.  Swan 
and  D.  Corliss,  Digital  Equipment  Corp.  Hudson.  MA  01749-2809 
Microtrenches  have  bwn  observed  in  submicron  features 
etched  with  an  existing  plasma  process.  In  contrast  to  previous 
reports,  these  microtrenenes  occurred  a  small  distance  away  from 


the  sidcw'ail.  We  examined  possible  causes  of  microlrcnch  forma¬ 
tion.  including  surface  diffusion  of  reactants,  reflection  of  ions 
from  the  sidewalls,  and  localized  charging  of  the  feature.  A  simple 
numerical  model  indicated  that  ion  reflection  was  the  dominant 
cause 

701  RNP  Adaptation  of  Clean  Technology  to  Semiconductor 
Manufacturing  Equipment:  8  Inch  Vertical  Furnaces 
as  an  Example:  T.  Matsuo,  Tokyo  Electron  Ltd.,  650  Nilsueano 
H<»aka-cho.  Nirasaki  City,  Yamanashi-pre.  407-01,  Japan 

The  construction  of  a  total  clean  system  requires  the  techno¬ 
logical  trends  such  as  that  to  microminiaturize  LSI,  expand  the 
diameter  and  highly  concentrate  the  density,  and  the  break¬ 
through  with  mass  production  technology-  emphasizing  clean 
technology.  As  the  first  eauipment  adapted  with  the  total  clean 
technology,  we  have  developed  Series  “o  -  8”  0  8  Vertical  Fur¬ 
nace. 


702  RNP  Rapid  Thermal  Anneal  Repeatability  Using 

Wafer  Expansion  Thermometry:  W.  DeHart.  B. 
Peuse.  C  Rau.  A  Rosekrans,  and  K.  Snow,  Peak  Systems  Inc  . 
Fremont.  CA  94.538 

Rapid  thermal  processing  (RTP)  is  considered  an  essential 
technology'  for  submicron  processing.  However,  it  has  been  re- 
stneted  in  its  use  because  oi  the  inherent  limitations  of  pyTomeler 
temperature  control.  A  new  method  of  temperature  control  has 
recently  been  introduced  that  measures  the  thermal  expansion  of 
a  wafer  to  determine  its  temperature.  This  thermal  micrometer 
works  by  using  a  laser  autolocus  mechanism  to  determine  the 
change  in  wafer  diameter  due  to  temperature. 

703  RNP  Phosphorus  Concentration  Dependence  of  the 

Sodium  Passivation  by  TEOS-PECVD  Phosphosili- 
cate  Glasses:  J.  K.  Cramer  and  S.  P.  Murarka,  Center  for  Integrat¬ 
ed  Electronics.  Rensselaer  Polytechnic  Institute.  Troy,  NY  12180. 
K.  V.  Srikrishnan  and  W.  Patrick,  IBM  Oneral  Technology  Div.. 
Hopewell  Junction.  NY  10953 

Mobile  ions  like  sodium  are  known  to  cause  device  (MOS)  in¬ 
stabilities.  Phosphosilicate  glasses  have  been  used  as  passivating 
layers  to  isolate  the  active  devices  from  such  contamination.  In 
this  study  we  have  examined  the  effectiveness  of  TEOS-PECVD 
P  glasses,  as  the  barrier  to  sodium  diffusion,  as  a  function  of  the 
phosphorus  concentration.  The  results  of  C-V  and  I-V  studies  on 


contaminated  and  annealed  P-glasses  are  presented  and  dis¬ 
cussed 


'704  RNP  Oxygen  Precipitation  in  Cz  Si  during  Various 
Simulated  4  Mb  DRAM  Processing  Steps:  J.-G. 
Park,  S.  P.  Choi,  and  C.  K.  Shen,  Samsung  Electronics,  Kihung- 
Eup.  Kyungki-do,  Korea,  L.  Shive,  MEMC  Electronic  Materials, 
Inc.,  St  Peters,  MO  63376,  W.  Angelberger,  Wacker-Chemitronic, 
D-8263  Burghausen,  Germany,  J.  Partanen  and  T.  Tuomt,  Helsin¬ 
ki  University  of  Technology,  02150  Espoo,  Finland,  S.  Hahn, 
Dept,  of  Materials  Science  and  Engineering,  Stanford  University, 
;  Stanford,  CA  94305 

■  Interstitial  oxygen  is  perhaps  the  most  important  considera¬ 

tion  m  silicon  crystals  for  VLSI/ULSI  fabrication.  The  relevance 
of  oxygen  to  integrated  circuit  fabrication  is  primarily  due  to 
oxygen's  ability  to  form  oxide  precipitates  and  to  generate  lattice 
t  defects  in  a  controlled  manner  for  impurity  gettering  during  de- 

’  vice  processing.  In  this  investigation,  we  studied  oxygen  precipi- 

'  tation  in  Cz  Si  during  various  simulated  4  Mb  DRAM  processing 

h  thermal  cycles  using  infrared  absorption,  chemical  etch/cross¬ 

section  optical  microscopy  and  synchrotron  section  topography. 
In  this  paper  we  discuss  effects  of  initial  oxygen  concentration 
and  various  thermal  cycles  (pre-  and  post-intrinsic  gettering  heat- 
,  treatments)  upon  oxygen  precipitation,  bulk  microdefect,  and  de¬ 

nuded  zone  formation. 

'  703  RNP  Electrical  Conduction  in  Buried  Oxide  (BOX)  in 

SIMOX  Structures;  G  A.  Brown,  Texas  Instru¬ 
ments.  Inc.,  Dallas.  TX  75243,  A.  G  Revesz,  Kevesz  Associates, 
Bethesda,  MD  20817 

BOX  layers  in  SIMOX  structures  exhibit  strongly  localized 
.  defect  conduction  and  nonlocalized  background  ("bulk")  conduc- 

'  tion.  In  the  latter  case,  the  current  increases  linearly  with  the 

electrode  area.  For  both  annealed  (at  1325‘’C)  and  unannealed 
I  samples  the  I-V  charactenstics  are  quasi-linear  at  low  fields  (<0.8 

MV/cm  for  unannealed  samples  and  <2  MV/cm  for  the  annealed 
ones)  but  super-linear  at  higher  fields.  The  current  densities  in  the 
quasi-linear  regime  are  several  orders  of  magnitude  higher  for  the 
unannealed  samples  than  for  the  annealed  ones  and  their  time- 
dependence  indicates  pronounced  trapping  phenomena.  Annealed 
pseudo-SIMOX  samples  (top  Si  layer  removed)  which  were  heat- 
treated  in  oxygen  at  1 100°C  behave  similarly  to  thermallv  grown 
SiO.  films  in  the  sense  that  the  current  is  practically  at  the  noise 
U'vel  (10  '  A/cm-')  This  observation  indicates  that  conduction  in 
I  BOX  IS  related  to  defects  associated  with  oxygen  deficiency  {e  g.. 

Si  Si  bonds)  that  are  p^resent  even  in  annealed  samples  without 
4  additional  treatment  (This  work  was  funded  by  Naval  Research 

laboratory  under  the  Contract  No  N00014-88-C-2492  ) 


706  RNP  Minority  Carrier  Recombination  Lifetime  of 
Lightly  Doped  Cz  Silicon  Measured  by  p-PCD, 
ELYMAT.  and  SPV:  L.  Coates.  Kokusai  Electric  Co.,  Ltd..  San 
Jose.  CA  95131-1729,  L.  Cauftin,  Kawasaki  Wafer  Technology. 
Inc  .  Santa  Clara.  CA  95051.  S.  Hahn.  Dept,  of  Materials  Science 
and  Engineering,  Stanford  University.  Stanford.  CA  94305 

The  minority  carrier  recombination  lifetime  which  deter¬ 
mines  the  diffusion  length  is  a  very  sensitive  parameter  for  crys¬ 
tallographic  defects  for  recombination  centers.  The  three  most 
commonly  used  recombination  lifetime  methods  are  microwave 
photoconductive  decay  (p-PCD),  surface  photovoltage  (SPV),  and 
electrolytic  metal  tracer  (ELYMAT).  Even  though  all  three  of 
these  techniques  are  well  established  in  semiconductor  indu.stry. 
to  the  best  of  our  knowledge,  few  experiments  have  been  carri^ 
out  so  far  to  correlate  the  data  by  one  method  with  those  from 
others  In  this  study  we  measured  the  lifetime  of  lightly  doped  ox¬ 
idized  Cz,  Si  wafers  with  three  commercially  available  p-PCD  life¬ 
time  testers  ELMAT.  and  SPV  In  this  paper,  we  compare  our 


lifetime  data  with  each  other,  and  discuss  some  potential  correla¬ 
tions  among  them. 

707  RNP  Study  on  Surface  Photovoltage  Measurement  of 
Long  Diffusion  Length  Silicon:  Analytical  Ap¬ 
proach;  O.  J.  Anttila,  Dept,  of  Electrical  Engineering,  Stanford 
University,  Stanford,  CA  94305,  S.  K.  Hahn,  Dept,  of  Materials 
Science  and  Engineering,  Stanford  University,  Stanford,  CA 
94305 

The  limitations  of  SPV,  using  the  analytical  solution  for  the 
minority  carrier  distribution,  are  studied  in  detail.  The  principal 
source  of  error  in  long  diffusion  length  material  is  the  back  sur¬ 
face  recombination,  'file  possibility  of  measuring  large  diffusion 
lengths  in  a  reliable  manner  is  discussed.  Measurement  of  minor 
amounts  of  iron  contamination  in  p-type  material  is  possible,  but 
a  correction  (actor  is  required  for  the  traditionally  used  relation¬ 
ship  to  convert  the  observed  diffusion  length  change  to  iron  con¬ 
centration.  The  value  of  the  correction  factor  varies  between  1 
and  1.5  for  high  back  surface  recombination  velocity;  the  magni¬ 
tude  depends  on  the  ratio  between  wafer  thickness  and  the  diffu¬ 
sion  length  of  the  minority  carriers.  The  sensitivity  of  the  measured 
diffusion  length  to  different  sources  of  errors  and  requirements 
for  sample  preparation  are  discussed.  Finally,  the  use  of  SPV  to 
measure  the  denuded  zone  width  in  precipitated  material  is 
briefly  analyzed. 

70S  RNP  Thermal  Decomposition  Mechanism  of  MOCVD 
Precursor,  Cu(acetylacetonate)’  Studied  by  Differ¬ 
ential  Scanning  Calorimetry  (DSC):  Y.-N.  Chang,  Dept,  of  Chem- 
ic;ii  rngineering,  Iowa  State  University.  Ames,  lA  50010 

The  pyrolysis  kinetics  of  the  MOCVD  precursor.  Cufacetylace- 
tonate)^  (Cu(acac)^),  was  studied  by  differential  scanning 
calorimetry  (DSC)  at  atmospheric  pressure.  Solid  Cu(acac)-  sam¬ 
ple  was  programmed  heated  with  a  constant  heating  rate  from  25 
to  400°C.  For  eac,i  thermogram,  energy  exchange  rates  between 
sale  and  ambient  were  recorded  with  respect  to  temperature.  Pure 
He,  N;,  dry  air,  or  mixture  of  He  +  O,  were  used  as  the  inert  or  re¬ 
active  gas  ambient.  From  DSC  results,  the  thermal  decomposition 
of  Cu(acac)^  started  at  250°C,  and  ended  by  350‘’C.  The  peak  tem¬ 
perature-heating  rate  relationship,  as  analyzed  by  the  Kissinger 
equation,  was  used  to  estimate  the  activation  energy  for  the  re¬ 
spective  kinetic  step.  Solid  residuals  after  Cu(acac)-’  p.vrolysis 
were  analyzed  by  F^R.  which  revealed  a  mixed  content  of  Cu;0, 
CuO.  and  carbonates 

709  BNP  Hydration  Models  for  Trivalent  Transcurium  Ele¬ 
ment  ‘‘^Esflll)  in  Aqueous  Solutions  at  298  K;  H. 

Latrous  and  N.  Ouerfelli.  Faculty  des  Sciences  de  Tunis.  Tunis. 
Tunisia,  J.  Olivier,  Oak  Ridge  National  Laboratorv.  Oak  Ridge. 
TN  37831 

Self-diffusion  coefficient  data  for  -"'Esdll)  and  '’'Tm(IIl)  in 
neodymium  perchlorate  solutions  are  reported  for  concentrations 
up  to  1.14  mol  dm  ’  at  25“C,  The  open  end  capillary  method 
(OECM)  has  been  used  for  the  determination  of  the  self-diffusion 
coefficient  in  perchlorate  solutions  at  pH  2.5  labeled  with  tracer 
-’”Es(III)  or  '’'Tmllll)  The  experimental  diffusion  coefficients  for 
-’’Esflll)  and  '’"Tmllll)  were  fitted  to  polynomials  of  the  following 
form  D/D,.  =  L,  6,  (I)’’’  where  D„  is  the  limiting  diffusion  coefficient 
value  against  the  square  root  of  the  ionie  strength  (I).  The  data 
have  been  analyzed  by  using  the  simple  hydration  models  to  ob¬ 
tain  realistic  estimates  of  the  effective  cation  hydration.  In  solu¬ 
tion  at  pH  2.5.  the  data  show  that  there  is  a  similarly  in  the  ionic 
transport  process  of  ’”Es(III)  and  '’”Tm(III)  ions.  As  a  further  con¬ 
sequence.  it  may  be  argued  that  ”*Es(III)  and  '’"Tm(III)  ions  have 
the  same  hydration  as  a  tripositive  ion  in  the  absence  of  hydroly¬ 
sis  lon-paifing  or  complexing.  The  limiting  diffusion  coefficients, 
D.,  [10 1  cm’ s  '|,  for  actinide  trivalent  ion  ’”Es(III)  is  5.80  ±  0.05 
and  for  lanthanide  trivalent  ion  '’"Tm(III)  is  5.85  ±  0.05. 
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.  607  MIC 

Pong.  R.  G.  S . 

.  669  FUL 

Prato,  M . 

.  627  FUL 

Praalm.  K.  F . 

.  656  FUL 

Proat.  W . 

.  567  SOA 

PuraUiy.  A.  A . 

.  629  FUL 

Radpour.  F . 

.  606  MIC 

Raghcrachari,  Krishnan 

.  683  FUL 

R4«.  Govind  . 

.  673  FUL 

Rab,  C.  N.  R . 

.  673  FUL 

Raad,  Chriatophar  A.  .  . 

.  684  FUL 

Raad,  Mark  A . 

.  594  QUA 

Raguairo.  M.  N . 

Raina,  K . 

.  676  FUL 

.  695  FUL 

Raknar,  Tyla  C . 

.  642  rjL 

RaynoWa,  C.  L . 

.  569  SOA 

Rilehis.  R.  H . 

.  629  FUL 

RohMng,  Calaals  M.  . . 

.  683  FUL 

Romanow,  William  J. . . 

.  690FUL 

Rosan,  A. . 

.  618  FUL 

Roaantilait.  Chartaa  . . . 

.  631  FUL 

Rosa.  Mark  M . 

.  878  FUL 

Roassbisky,  M.  J . 

.  894FUL 

Roura,  P . 

.  568  SOA 

Ruo9.  Rodnay  S . 

628  FUL.  685  FUL 

SachWanandam.  R . 

.  841  FUL 

Salto.  R. . 

.  S33FUL 

Salto,  SuBumu . 

.  890FUL 

Sdto,  . 

.  689FUL 

Salam,  Jasaa  R . 

874  FU..  898  FUL 

SaMaO.  0 .  596, 

871  SOA.  577  SOA 

SamaMn.  M.  P . 

Safiflhy,A. . 

.  871  FUL 

.  878  SOA 

Sankay.  O.  F . 

.  613  FUL 

8Ma.lC  . 

.  001  MIC 

.  680FUL 

Sawatdry.Q.  A.  . 

.  8WFUL 

Abstract  No. 


Scharson,  Oartial  .  831  FUL 

Schtotar.  M.  A .  687  FUL 

Schultz,  Artty  L .  616  FUL 

Scusaria,  G.  E .  688  FUL 

Sailar,  K .  600  MIC 

Salig.  H .  661  FUL 

Sashadri,  Ram  .  673  FUL 

Shau,  Chi-Min  .  638  FUL 

Shi.  S .  637  FUL 

Shida,  Tadamasa  . .  879  FUL 

Shih.  H.  C . S81  SOA 

^hinohara,  Hisanori  .  688  FUL 

Shiraftjii.  J .  579  SOA 

Shoaf.  S.  E .  6C3  MIC,  603  MIC 

Siakhaua,  W.  J .  667  FUL 

Silvarman,  Scott .  638  FUL 

Simaona,  M.  G .  577  SOA 

Sinha,K.  .  813  FUL 

Smallay,  R.  E .  614  FUL 

Smith,  A.  B..  Ill .  661  FUL 

Smith,  Allan  L .  690  FUL 

Sokolov,  V.  1 .  662  FUL 

Stalling,  D.L .  663  FUL 

Staphans,  P.  W.  .  691  FUL 

Stock.  Laon  M .  682  FUL 

Sugirto,  T .  579  SOA 

Sun,  Y.  Y .  624  FUL 

Suzuki,  S .  601  MIC 

Suzuki.  Shinzo .  679  FUL 

Suzuki.  T .  627  FUL 


Tabata.  A .  570  SOA 

Takahashi.  T .  576  SOA 

Tao.  Y.  K .  624  FUL 

Taylor.  R .  692  FUL 

Taguda.  F.  J .  567  SOA 

Tominak,  D .  693  FUL 

Tsa,  Doris  S .  626  FUL 

Tsu.  Ralph  .  589  QUA 

Tu.  Xiang-2hsng .  609  MIC 

Tuinman,  A.  A .  629  FUL 

Tyeko,  R .  694  FUL 


Vanbramaarsch.  J .  568  SOA 

van  Vaartandsal,  M .  648  FUL 

von  Haidan.  Gait  .  647  FUL 


Walton.  David  R.  M .  692  FUL 

Wang,  C.  2 .  665  FUL 

Wang,  Su .  619  FUL 

Wang.X.K .  666  FUL 

Wang.  Y.  .  696  FUL 

Wassarman,  E .  656  FUL 

Waavar.J.  H .  686  FUL 

Waavar.  M.  J .  625  FUL 

WandLH.  R .  695  FUL 

Waatin.E .  618  FUL 

Whattan.  Robart .  697  FUL 

Wickham.  David  T.  .  616  FUL 

WHay.JohnB .  697  FUL 

WWiams,  Richard  A .  612  MIC 

Woog.Q.K. .  666  FUL 

WHghL  P.  D .  583  SOA 

WUdl.  F .  627  FUL 

VWifZ.  Patar  .  640  FUL,  682  FUL 

Xia.Xinhi .  664  FUL 

Xu.  C.  H .  665  FUL 

Xu.  2.  Y. .  666  FUL 


Yamaura.S .  576  SOA 

Yang,  L.  W.  .  583  SOA 

YannonI,  Coaiardino  S .  874  FUL 

696  FUL 

YaraUan.  Chahan  .  897  FUL 

Yi.  Jaa-Yal .  817  FUL 

Yotoyama.  N .  578  SOA 

Yu.  Dun .  808  MC 


Zahantn.  K. .  868  SOA,  570  SOA 

ZamaLJ.N .  608  MIC,  800  MK 

ZafbaSe,F .  839  FUL 

Zhang.  B.  L. .  088  FUL 

Zh«io.a.-M .  817  FUL 

Zhang,  T.0 .  888  FUL 

Zhang,  W.  .  808  MK 

Zhang,  Y .  828  FUL 

Zhang. Z. .  872FUL 

Zhao,  Ming .  831  FUL 


Abstract  No. 


Zimmarman,  Gaorga .  690  FUL 

Zimmarman,  Jatfray  A .  632  FUL 


APPLICATION  FOR  ADMISSION 

TD 

®Iu'  ^lectr0cl|0iiiical  ^octdu,  3«r. 

Return  completed  application  to; 

Secretary 

The  Electrochemical  Society,  Inc. 

10  South  Main  Street,  Pennington,  New  Jersey  08534-2896 
609-737-1902 

To  the  Board  of  Directors  of  The  Electrochemical  Society,  Inc; 

Name: _ 

Address: _ 

Please  print  complete  _ 

name  and  address 
as  it  should  | 

appear  on  mailings,  j  - 

I  Business  Telephone:  (include  area  code) 


For  office  use  only 

Date  Rec'd _ i _ 

Notice  of  Ackn. _ 

Checked: _ 

Approved  _ 


I  hereby  make  application  for  admission  to  The  Electrochemical  Society,  Inc.,  as  an  _ _ _ _ member, 

and  enclose  the  amount  of  _  covering  the  first  year's  dues.  (Please  see  reverse  side  for  proper  class  of  membership  and  dues  applying 

thereto,  noting  the  options  with  regard  to  the  date  of  election  and  active  life  membership  and  the  credit  available  tor  nonmember  meeting 
registration.) 

1  Date  of  Birth: _ (month) _ (day) _ (year) 

2  Please  check  LOCAL  SECTION  with  which  you  wish  to  affiliate: 


- Boston  (05) 

- Canadian  (60) 

- Chicago  (10) 

- Cincinnati  (12) 

- Cleveland  (15) 


- Columbus  (20) 

- Detroit  (25) 

- European  (27) 

- Japan  (33) 

- Metropolitan  N.Y.  (35) 


- Midland  (Mich.)  (40) 

- Natl.  Capi‘al  Area  (45) 

- North  Texas  (55) 

- Oregon  (62) 

- Pacific  Northwest  (65) 


- Philadelphia  (70)  - Southern  Wisconsin  (92) 

- Pittsburgh  (75)  - Twin  Cities  (96) 

- San  Francisco  (85  &  86)  - None  (99) 

- South  Texas  (88) 

- So.  Calif. -Nevada  (90) 


3  Please  indicate  your  DIVISIONAL  and  GROUP  interests,  noting  your  primary  interest(s)  with  the  number  1  and  secondary  interest(s)  with  the 
number  2 


- Battery  (AOi 

- Corrosion  (BO) 

- Dielectric  Science 

and  Technology  (CO) 
- Electrodeposition  (DO) 


- Electronics  (EO)  - Luminescence  and  Display  Materials  (KO) 

- Energy  Technology  (GO)  - Organic  &  Biological  Electrochemistry  (FO) 

- High  Temperature  Materials  (HO)  - Physical  Electrochemistry  (JO) 

- Industrial  Electrolysis  and  - Sensor  (LO) 

Electrochemical  Engineering  (10) 


4  Education 


Institution 


Dates  Attended _ Major  Subject _ Degree  Earned 


5  Work  Experience: 

Name  of  Employer  (current,  followed  by  previous) 


Dates 


Position 


6.  The  Society  s  Constitution  provides  that  two  Active  Members  of  the  Society  (who  can  substantiate  the  above  record)  must  recommend  you 
for  admission  to  membership.  It  will  facilitate  the  handling  of  your  application  if  you  are  able  to  have  your  references  sign  this  application 
form:  if  this  is  not  convenient,  please  list  their  names  and  addresses.  On  a  student  application,  only  a  single  faculty  member  recommendation 
with  signature  (including  title  and  institution)  is  required. 


Name  (please  print) 


Signature 


Address 


Name  (please  print)  Signature  Address 

The  undersigned  certifies  that  the  above  statements  are  correct  and  agrees,  if  elected  to  the  Society,  to  be  governed  by  its  Constitution 
and  Bylaws  and  to  promote  the  objects  of  the  Society  as  stated  in  its  Constitution. 

Date _  19 _  _ 


Rev  11/91 


(Signature) 


Sonmember  Meeting  Active  Life  Date  of 

BeKistration  Credit  Membership  Election  Dues  Student  Member  Active  Member 


EXTRACTS  FROM  THE  CONSTITUTION  ANO  BYLAWS 


CONSTITUTION— Article  II 

Membership 

Section  1.  The  individual  membership  shall  consist  of 
Active,  Honorary  and  Emeritus  Members.  The  Board  of 
Directors  may  from  time  to  time  authorize  other  classifi¬ 
cations  of  membership  as  defined  in  the  Bylaws  of  the  So¬ 
ciety. 

(Active  Member — Annual  Dues  $85.00) 

Section  2.  An  Active  Member  shall  be  interested  in  elec¬ 
trochemistry  or  allied  subjects  and  possess  a  Bachelor’s 
degree,  or  its  equivalent,  in  engineering  or  natural  science. 
In  lieu  of  a  Bachelor’s  degree,  or  its  equivalent,  any  combi¬ 
nation  of  years  of  undergraduate  study  and  years  of  rele¬ 
vant  work  experience  in  electrochemistry  or  allied  sub¬ 
jects  adding  to  at  least  seven  years  shall  be  required. 
Election  to  Active  Membership  shall  require  the  recom¬ 
mendation  of  two  Active  Members  in  good  standing. 

BYLAWS— Article  II 

Non-Voting  Membership 
(Student  Member— Annual  Dues  $10.00) 

Section  1.  Student  Member.  A  Student  Member  shall  be 
a  full-time  undergraduate  or  graduate  student  registered 
for  a  degree  in  natural  science  or  engineering  or  a  full-time 
postdoctoral  student  in  natural  science  or  engineering  in  a 
degree-granting  institution.  The  applicant  for  Student 
Membership  shall  be  recommended  by  a  member  of  the 
faculty  of  the  school.  Upon  graduation  with  a  Bachelor’s 
degree  or  equivalent  in  natural  science  or  engineering,  or 
upon  departure  from  postdoctoral  status,  the  Student 
Member  may  apply  for  Active  Membership.  The  applica¬ 
tion  shall  be  approved  by  two  Active  Members  of  the  Soci¬ 
ety  in  good  standing.  If  the  Student  Member  enters  gradu¬ 
ate  school  as  a  full-time  student,  or  enters  a  qualifying 
postdoctoral  appointment  after  completing  a  doctoral  de¬ 
gree,  the  person  may  choose  to  apply  for  Active  Member¬ 
ship  or  may  remain  a  Student  Member.  A  person  may  hold 
Student  Membership  as  a  postdoctoral  student  for  no 
more  than  two  years. 

BYLAWS— Article  XXI 

Dues  and  Fees 

Section  1.  The  annual  dues  for  Active  Members  shall  be 
eighty-five  dollars.  The  annual  dues  for  Student  Members 
shall  be  ten  dollars.  Each  member  shall  receive  the  JOUR¬ 
NAL  OF  THE  ELECTROCHEMICAL  SOCIETY. 

Section  2.  When  individuals  are  elected  to  membership, 
they  must  elect  to  initiate  their  membership  as  of  January 
1  or  July  I  of  the  year  of  election;  or,  if  elected  during  the 
last  quarter,  January  1  of  the  year  following  election.  In  the 
case  of  a  July  I  election  for  starting  membership,  dues  will 
be  prorated. 

Section  3.  Any  Active  Member  who  shall  pay  in  one 
lump  sum  the  amount  equivalent  to  two-thirds  of  the  re¬ 
maining  dues  to  age  sixty-five  at  the  time  of  payment,  but 
not  less  than  an  amount  of  5  years  of  full  dues,  shall  be  ex¬ 
empt  from  payment  of  any  further  dues  and  shall  be  con¬ 
sidered  an  Active  Member  during  the  remainder  of  his  or 
her  life. 

BOARD  OF  DIRECTORS  ACTION 
OF  OCTOBER  9,  I960 

If  application  for  new  membership  is  received  within 
four  months  of  the  payment  of  nonmember  registration  at 
a  Society  Meeting  by  the  applicant,  the  difference  between 
the  nonmember  and  member  registration  fees  shall  be 
credited  toward  the  first  year’s  dues. 


CONSTITUTION— Article  III 

Admission  and  Dismissal  of  Members 

Section  1.  Application  for  individual  membership  shall 
be  in  writing  on  a  form  adopted  by  the  Board  of  Directors. 


Section  2.  The  Admissions  Committee  shall  be  a  rotating 
committee  consisting  of  three  members.  One  member 
shall  be  appointed  each  year  by  the  President  with  the  ap¬ 
proval  of  the  Board  of  Directors  for  a  term  of  three  years  to 
replace  the  outgoing  member.  This  Committee  shall  re¬ 
ceive  from  the  Secretary  all  properly  executed  and  prop¬ 
erly  recommended  applications  for  admission  which  he 
has  received  from  persons  desirous  of  becoming  members 
of  the  Society.  It  shall  be  the  duty  of  this  Committee,  after 
examining  the  credentials  of  applicants,  to  make  appro¬ 
priate  recommendation  to  the  Board  as  to  approval  or  re¬ 
jection  of  the  applications.  Unanimous  approval  of  an  ap¬ 
plicant  by  this  Committee  shall  be  required  before  the 
candidate’s  name  may  be  submitted  to  the  Board  of  Direc¬ 
tors  for  election.  The  election  to  membership  shall  be  by  a 
mail  vote  of  the  Board  of  Directors.  The  candidate  shall  be 
considered  elected  two  weeks  after  the  date  the  proposed 
membership  list  is  mailed  to  the  Board  if  no  negative  votes 
have  been  received  by  the  Secretary.  If  a  candidate  re¬ 
ceives  one  negative  vote,  his  application  shall  then  be  con¬ 
sidered  and  voted  upon  at  the  next  meeting  of  the  Board  of 
Directors.  Two  negative  votes  cast  at  this  meeting  shall  ex¬ 
clude  a  candidate.  The  Board  of  Directors  may  refuse  to 
elect  a  candidate  who,  in  its  opinion,  is  not  qualified  for 
membership.  The  names  of  those  elected  shall  be  an¬ 
nounced  to  the  Society.  Duly  elected  candidates  shall  have 
all  the  rights  and  privileges  of  membership  as  soon  as  their 
entrance  fee,  if  any,  and  dues  for  the  current  year  have 
been  paid. 


Section  3.  A  member  desiring  to  resign  shall  send  a 
written  resignation  to  the  Office  of  the  Society. 


Section  4.  Upon  the  written  request  of  ten  or  more  Ac¬ 
tive  Members  that,  for  cause  stated  therein,  a  member  be 
dismissed,  the  Board  of  Directors  shall  consider  the  matter 
and,  if  there  appears  to  be  sufficient  reason,  shall  advise 
the  accused  of  the  charges  against  him.  He  shall  then  have 
the  right  to  present  a  written  defense,  and  to  appear  in  per¬ 
son  before  a  meeting  of  the  Board  of  Directors,  of  which 
meeting  he  shall  receive  notice  at  least  twenty  days  in  ad¬ 
vance.  Not  less  than  two  months  after  such  meeting  the 
Board  of  Directors  shall  finally  consider  the  case  and,  if  in 
the  opinion  of  the  majority  of  the  Board  of  Directors  a  sat¬ 
isfactory  defense  has  not  been  made  and  the  accused 
member  has  not  in  the  meantime  tendered  his  resignation 
he  shall  be  dismissed  from  the  Society, 


Section  7.  The  entrance  fee,  if  any,  annual  dues  and  any 
other  payments  to  be  made  by  the  members  of  the  Society 
shall  be  paid  in  accordance  with  regulations  set  forth  in 
the  Bylaws. 


Section  8.  Any  member  delinquent  in  dues  after  April  1 
shall  not  receive  the  Society’s  publications  and  will  not  be 
allowed  to  vote  in  any  Society  election  until  such  dues  are 
paid.  All  members  in  arrears  for  one  year  after  April  1  shall 
lose  their  membership  status  and  can  be  reinstated  only  by 
action  of  the  Board  of  Directors. 


All  memban  receive  a  utneription  to  tlie  Journal  of  The  Electrochemical  Society. 


PROCEEDINGS  VOLUME  ORDER  FORM 


Qty. 

PV  # 

Proceedings  Volume  Title 

Price  Ea. 

Total 

PREPAYMENT  REQUIRED  TOTAL  $ 


Send  completed  order  form  with  payment  to:  The  Electrochemical  Society,  Inc^  10  Sonth  Main  SL,  Pennington,  NJ 

08534-2896. 

Phone  (609-737-1902)  or  FAX  (609-737-2743)  orders  are  accepted  with  bank  card  payment. 


Thii  is  your  ihippin)!  label  Impartamt:  Pleatt  prmidt  mimphtw  ttaiSmg  addna,  imrbiJimg  patUU  a>dt  amd  eoumby. 


CONTENTS 

BOOKS 

Return  Postage 
(•uaranteed 


froQi- 

Th<  Kleclrochfoiical  SocMy,  Inc* 

10  South  Main  Street 

PenuiiiRton.  NJ  08534-2896  Name _ 

Address 


Name 

Address  - 

-  Payment  In  U.Sa  funds,  drawn  on  U.S.  Bank,  must  accompany  order. 

_  •  or  “ 

_  O  Mastercard  D  Visa,  Card# _ 

Exp.  dale _ Signature _ 


For  ECS  use  only; 

OA# _ 

Your  Order  No. _ 


Sl^P 


The  Electrochemical  Society,  Inc. 
PROCEEDINGS  VOLUME  ORDERING  INFORMATION 


HOW  TO  ORDER 

1.  Please  be  sure  to  complete  this  special 
order  form  carefully.  Photocopies  of  the 
form  are  acceptable.  Type  or  print  your 
complete  name  and  address  to  which 
publications  are  to  be  shipped  and  send  to 
The  Electrochemical  Society,  Inc.,  10 
South  Main  Street,  Pennington,  New 
Jersey  08534-2896.  Telephone  609-737- 
1902  or  FAX  609-737-2743  orders  are 
accepted  with  bank  card  payment. 

2.  Indicate  the  quantity  and  price 
(member  or  nonmember)  for  each  volume 
to  be  ordered.  The  total  should  be 
indicated  in  the  space  provided. 

3.  Shipping  is  by  fourth  class  mail.  First 
class  and  airmail  services  are  available  for 
an  additional  charge.  Please  contact  us  in 
advance  for  rates  if  you  desire  this  service 
(609)  737-1902  and  indicate  on  your  order 
if  you  desire  special  postage. 

4.  A  copy  of  the  order  must  accompany 
your  check.  The  Electrochemical  Society, 
Inc.  requires  prepayment  for  all  orders. 

INQUIRING  ABOUT  YOUR  ORDER 

1.  Have  on  hand  verification  that  the 
order  was  paid.  We  require  prepayment 
and  no  orders  will  be  shipjjed  until 
payment  has  been  received. 

2.  Contact  The  Electrochemical  Society, 
Inc.,  Book  Order  Department,  10  South 
Main  St.,  Pennington,  NJ  08534-2896. 
Telephone  (609)  737-1902 


CREDIT  CARDS 

The  Electrochemical  Society,  Inc.  accepts 
Visa  and  MasterCard.  Please  include 
your  credit  card  account  number, 
expiration  date  and  signature  as  indicated 
on  the  order  form. 

DISCOUNTS 

1.  All  publications  are  discounted  for 
members  of  The  Electrochemical  Society, 
Inc.  only.  All  others  must  pay  the 
nonmember  price. 

2.  To  become  a  member  of  The 
Electrochemical  Society,  Inc.  and  qualify 
for  the  special  member  prices,  on  future 
orders,  contact  The  Electrochemical 
Society,  Inc.,  10  South  Main  Street, 
Pennington,  NJ  08534-2896  for  a 
Membership  Application  and  Information. 
The  1992  Membership  Dues  are  $85.00. 

RETURNS 

All  sales  are  final  except  for  damaged  or 
incorrect  shipments. 

SHIPPING  INFORMATION 

1.  Domestic 

4th  Class  1  to  4  weeks 
First  Class  7  to  14  days 

2.  Foreign 

4th  Class  (surface  mail)  6-10  weeks 
Air  Mail  2  to  4  weeks 

CLAIMS 

Qaims  for  missing  publications  will  be 
honored  if  received  within  30  days  of 
normal  delivery  date. 


THE  ELECTROCHEMICAL  SOCIETY  CONTRIBUTING  MEMBERS 


BENEFACTOR  MEMBERS 

ELTECH  Systems  Corporation 

Chardon,  OH 

Fairport  Harbor,  OH 

International  Business  Mochines  Corp.  Olin  Corporotion 

Armonk,  NY  Stamford,  CT 

PATRON  MEMBERS 

AT&T  Bell  Laboratories 

Murray  Hill,  NJ 

Evereody  Battery  Co.,  tnCv 

Danbury,  CT 

Lam  Research  Corporotion 

Fremont,  CA 

Dow  CHemicol  Compony 

Central  Research 

Midland,  Ml 

Fujitsu  Limited 

Tokyo,  Japan 

Texos  Instruments  Inc. 

Dallas,  TX 

Hitochie  Ltd. 

Central  Reseorch  Laboratory 

Tokyo,  Japan 

SUSTAINING  MEMBERS 

The  Aerospoce  Corp. 

Los  Angeles,  CA 

The  BOC  Group 

Murray  Hill,  NJ 

ECO  Energy  Conversion 

Somerville,  MA 

Aluininuni  Co.  of  Americo 

Pittsburgh.  PA 

Boeing  Co. 

Seattle,  WA 

EG&G  Princeton  Applied  Research  Corp. 

Princeton,  NJ 

Alupower,  Inc. 

Warren,  NJ 

BP  Research  Centre 

Middlesex,  EngkirKl 

Electrochemicol  Technology  Corp. 

Seattle,  WA 

AMP  Inc. 

Harrisburg,  PA 

Analog  Devices,  Inc. 

Norwood,  MA 

ASIA  Brown  Bovori,  Lid. 

Corporate  Research 

Baden,  Switzerlortd 

Comolco  Aluminum  Ltd. 

AAelboume,  Victoria,  Australia 

COMSAT  Loborotories 

Clarksburg,  MD 

Coming  Incorporated 

Cornirtg,  NY 

Electronics  and  Telecommunications 

Research  Institute 

Chung  Nam,  Korea 

Ever  Reody  Co.  (Holdings)  Ltd. 

Whetstone,  London,  England 

Bellord  Power  SfSleim,  Inc. 

North  Vancouver,  B.C.,  Corxida 

CSIBO  Division  ot  Minerol  Products 

Port  Melbourne,  Victorio,  Austrolio 

Exxon  Research  &  Enginearing  Co. 

Engineering  Technology  Division 

Fkirham  Pork,  NJ 

BofteUe  Meworiol  Instifole 
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Durocell  Beseorch  Center 

Needham,  MA 

(xeneroi  Electric  Co. 

Corporate  Research  &  Development 
Schenectody,  NY 
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General  Motors  Corp. 

Delco-Remy  Division 
Anderson,  IN 

General  Motors  Research  Laboratories 

Warren,  Ml 

Giner,  Inc. 

Waltham,  MA 

GTE  Laboratories 

Waltham,  MA 

GTE  Sylvanio  Inc. 

Chemical  &  Metallurgical  Div. 
Towonda,  PA 

Hewlett  Pockord  Co. 

Circuit  Technology  Group 
Santa  Clara,  CA 

High  Energy  Batteries  (India)  Ltd. 

Madras,  India 

Hoechst-Uhde  Corp. 

Philadelphio,  PA 

Honeywell,  Inc. 

Micro  Switch-Optoelectronics 
Richardson,  TX 
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Mississauga,  Ont ,  Canada 
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Cheshire,  England 

International  Lead  Zinc  Research 
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Research  T riangle  Park,  NC 
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Kyoto,  Japan 
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Milwaukee,  Wl 
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Technology  Division 
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Lawrence  Berkeley  Laboratory 

Berkeley,  CA 
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Palo  Alto,  CA 
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Minneapolis,  MN 
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Madras,  Indio 

Mobil  Solar  Energy  Corp. 
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Molycorp,  Inc. 
a  Unocal  company 
White  Ploins,  NY 

Motorola  Inc. 

Phoenix,  AZ 

Nationol  Semiconductor 

Fairchild  Reseorch  Center 
Santa  Claro,  CA 

NEC  Corporation  Central  Reseorch 
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Kawasoki,  Japan 

NIFE  AB 

Oskorshamn,  Sweden 

Noranda  Research  Centre 

Pointe  Claire,  Que  ,  Canada 

Northern  Telecom 

Ottawa,  Ont.,  Conodo 

NTT  Electrical  Communication 
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Atsugi,  Japon 

Occidental  Chemical  Corporotion 

Research  &  Development 
Grand  Islond,  NY 

Orbit  Semiconductor,  Inc. 

Sunnyvale,  CA 

Philips  Laboratories,  Inc. 

Briarcliff  Manor,  NY 


RAYOVAC  Corp. 

Madison,  Wl 

Sondio  National  Laboratories 
Albuquerque,  NM 
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Munich,  Germany 
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Sumitomo  Metal  Industries  Ltd. 
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Texas  A&M  University 
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College  Station,  TX 

Texos  Instruments  Inc. 
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3M  Company 

St  Paul,  MN 


Toshiba  Corp. 

T oshibo  Reseorch  and 
Development  Center 
Kowosoki,  Jopan 

Toyota  Centrol  Research  and 
Development  Lobs,  Inc. 

Nagoya,  Japan 

VARTA  Batterie  AG 

Kelkheim,  Germany 

Wacker  Chemitranic 

Burghausen,  Germany 

Wilson  Greotbotch  Ltd. 

Clarence,  NY 


Xerox  Corp. 

Webster  Research  Center 
Rochester,  NY 


Yuoso  Battery  Co.,  Ltd. 
Osaka,  Japan 
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